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The upward trend of the market for car lighting equip- 
ment is clearly pointed out by the passenger car orders 
for 1920. A total of 1,115 cars was 


Car ordered by Class 1 roads during the 
Lighting year and 666 by other companies and 
Equipment private car companies in the United 


States, including the Pullman Com- 
pany. The total for the vear’s domestic order was 1,781, 
a figure which compares quite favorably with the orders 
in 1917 and 1918 as well as 1919 In 1917, this figure 
was 1,924; in 1918 it was 1,480 and in 1919 it was 306. 
A complete record of the kind of lighting equipment used 
on these cars is not available, but out of a total of 1,671 
cars, 1,534 are electric lighted. 40 are equipped with com- 
bination gas and electric light, 94 are gas lighted and 
three are equipped with oil lamps. 

This indicates the rate at which electric lighting is 
superseding gas and oil. The total number of cars pur- 
chased, although still below any year from 1909 to 1916 
inclusive, shows a tendency toward a return to normal 
conditions. It is more than possible, too, that the lean 
years just past will cause the purchases during the next 
few years to exceed a normal rate. 


For many years the question of automatic train control 
has received rather indifferent consideration, except after 
each disastrous rear end collision 


Automatic where the subject would come to the 
Train front for a time and then recede 
Control again. Recently, however, the In- 


terstate Commerce Commission has 
taken an active interest in the matter and in conjunction 
with a committee appointed from the American Railway 
Association it may be expected that some definite results 
from an intensive examination into the various systems 
will be forthcoming shortly. The problem that confronts 
the investigating committee will be the determination of 
the virtues and weaknesses of the various automatic train 
control systems which are quite numerous. Needless to 
say only those that can successfully pass the most rigor- 
ous tests should be given consideration. 

Some of the control systems involve more or less wir- 
ing upon the locomotive which, in the natural order of 
things, will fall to the electrical department to maintain, 
should such systems be looked upon with favor by the 
committee. The stationary portion of the equipment 
which is installed in connection with the signal system 

naturally falls to the signal department to maintain. It 
is unfortunate that such a division of maintenance seems 
inevitable, for it presents an opportunity to dodge re- 


sponsibility. At all events it will be interesting to watch 
the results of this dual maintenance problem, or to. see 
what methods may be adopted to avoid this division of 
responsibility. 

In spite of price fluctuations, temporary depressions and 
various forms of agitation and disturbance, railroad 
traffic from year to year continues 
to increase about as usual and dur- 
ing the past few years this increase 
has been taken care of for the most 
part by intensive development of one 
kind or another. Just how much electrification will be 
used to take care of traffic increase is a matter for specu- 
lation, but it is a form of intensive development, and 
roads already electrified are showing results that are 
most encouraging. Each of the electrified roads has 
helped to show that electric operation is desirable under 
certain circumstances and interest has been centered dur- 
ing the past year on the Norfolk & Western and the 
Chicago, Milwaukee & St. Paul. Tunnels on these two 
roads did restrict steam operation, but operation on 
neither road was circumscribed by tunnel and terminal 
requirements. For this reason they deserve special at- 
tention. 

Results of operation on the Norfolk & Western are 
described elsewhere in this issue and they show that in 
spite of the many difficulties incurred by the fact that the 
road was a pioneer in the use of heavy electric traction, 
the use of it has been successful and has made it possible 
to develop traffic that would be impossible to handle 
under steam operation. [Electric operation has been 
equally successful on the Chicago, Milwaukee & St. Paul 
and an indication of the results may be had from the 
following statements made during the past year by some 
of the St. Paul operating men who are most familiar 
with the problems: 

“Nearly 30 per cent more tonnage can be handled by 
electric operation in about 80 per cent of the time it 
formerly took to handle the lesser tonnage by steam 
operation.” 

“One of the marked economies effected by electrifica- 
tion is the reduction of train and enginemen’s expense, 
on account of the increased ton-miles per train mile and 
per engine-mile and the reduction of equipment repair 
and roundhouse expense.” 

“As to ease of starting trains, this feature of electric 
operation is Boticesnle, Comite to increased comfort 
of passengers.” 

“The technical result of the electrification has beem 


Results of 
Electric 
Operation 
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quite a success. The financial result, due particularly to 
fuel and labor conditions, and the indirect value due to 
publicity of this operation, are equally satisfactory.” 

“Even allowing for the increased investment charges, 
the items of operating expense, depending directly upon 
motive power, are so reduced and additional benefits in- 
directly obtained are so great as to justify consideration 
of extending the electrification even on sections with 
easier grades.” 

Operating conditions on the Norfolk & Western and 
the Chicago, Milwaukee & St. Paul are very different, 
in that one may be likened to a big yard with very heavy 
switching operations, while the other is a long section 
of single track road on which the length of locomotive 
divisions has been doubled. Each new application of 
electric traction presents an individual problem, but many 
difficulties common to all roads, have been and are be- 
ing worked out on these two roads, and a study of the 
results obtained will be a material aid to other roads that 
will adopt electric operation on similar sections of their 
own lines as soon as it becomes financially feasible so 
to do. 


The subject of electrification is invariably approached 
with the single thought in mind—will it pay? In the 
determination as to whether it will 


‘The or will not pay, all of the factors to 
Goodwill be considered are seldom if ever 
Factor given attention, at least not until a 


road gets to the point where the 
subject has become so pertinent that it will no longer 
stay in the background. In fact, it is not easy to make 
a complete list of these factors, for some of them are 
most subtle and intangible and yet withal are capable of 
exerting the most powerful influences. 

It is a recognized fact, and one which is conceded even 
by steam locomotive advocates, that electric equipment 
is capable of handling a greater volume of traffic over 
the same track in the same time than can steam power. 
When steam operation reaches a point where the passen- 
ger traffic is so congested that a brief detention of one 
train results in the detention of the fourth or fifth trains 
following, it is pretty clearly demonstrated that the limits 
for steam operation have not only been reached but that 
they have been exceeded. Such conditions are not hypo- 
thetical but are real; there are steam roads where such 
delays are regular daily occurrences to the increasing’ 
exasperation of the traveling public. 

If there is one thing above all else that the common 
carriers should cherish it is the goodwill of the public, 
for intangible though it may be there is no denying that 
it is a powerful ally. When any road arrives at a point 
where it cannot move its passenger traffic on schedule 
time and where a train on time is the exception and not 
the rule it is no longer a question—can that road afford 
to electrify, but rather—can that road afford not to 
electrify. 

There is no secret about the successful operation of 
electric trains under the conditions described. It is 
simply a question of train acceleration. Electric trains 
are capable of accelerating far more rapidly than any 
steam train; a detention of one train need not extend 
to following trains unless the detention is one of un- 
usual length, even then the first trains would be off and 
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out of the block before a steam train could reach full 
speed. 

Delays day after day, month after month, are con- 
ducive to anything but goodwill on the part of the public. 
Hence the factor of public goodwill becomes one of the 
most important in the consideration of the electrification 
problem. 


The railroads are going through a most critical period. 
The government guaranteed the returns to them up to 
i September 1, 1920, since which time 

The R : ; : 
peailtoads the railroads have had to paddle 


oe the their. own canoes. Had the freight 
ee traffic remained as heavy as it was 
Depression earlier in the year, the increased 


freight and passenger rates, which went into effect near 
the end of August, might have given a sufficient return 
to restore the credit of the roads in the eyes of the in- 
vestors and attract new capital. Unfortunately, how- 
ever, traffic has fallen off greatly during recent weeks, 
and the railroads, hampered by shortage of cash and lack 
of credit, find themselves unable to go ahead with their 
programs of rehabilitation. This is exceedingly un- 
fortunate because there seems to be little question but 
what they will be faced with a heavy traffic later on in 
the year which they will be unable to handle unless their 
facilities can be improved and enlarged meantime. 

The financial difficulties of the roads have been further 
increased by the fact that the Treasury Department has 
refused to pay them several hundred million dollars on 
the guarantees until all of the claims between the rail- 
roads and the Railroad Administration can be adjusted 
and settled. A bill has been introduced in Congress 
which it is hoped will pass and will overrule this decision 
of the Treasury Department. Then, too, some of the 
states have refused to allow the increase in rates on in- 
trastate business; this in spite of the fact that three 
state commissioners sat with the Interstate Commerce 
Commission during the rate hearings and agreed with 
the commission in its decision as to the necessity for in- 
creases in freight and passenger rates. 

The Railway Age, realizing that a buying movement 
on the part of railroads would be a large factor in stabiliz- 
ing industrial conditions, is urging the railroads wherever 
possible to purchase such equipment and materials as 
will enable them to handle business satisfactorily later 
on; there will be an added advantage in this in that busi- 
ness along al] lines will be stimulated and sufficient traffic 
will be created to keep the railroad machine working at 
nearly its capacity. On the other hand, the Railway Age 
is also urging all those producers who can possibly ship 
materials now to do so. If they do not, it may not be 
possible for the roads to handle the traffic satisfactorily 
or expeditiously when it is offered later on. 

The Railway Business Association has had a Com- 
mittee on Stabilization of Railway Purchases which has 
just issued an extensive report, the conclusion of which 
may be summed up in the following words: “As causes 
of industrial and commercial depression, crop failures 
and money panics have been made unlikely. The next 
step toward continuity of general business and employ- 
ment is to stabilize railway purchases.” 

The railroad managements have a great responsibility 
in helping to stabilize business conditions. 


The Two Tracks Separate Between Bluestone and the Elkhorn 


Tunnel 


The Pioneer of Heavy Electric Traction 


Norfolk & Western Has Solved Many Maintenance and 
Operating Problems During the Past Five Years 


HEN electric operation on the Norfolk & Western 

V¢ is studied, the proper consideration should be 
given to a certain few fundamental facts. For 
example, locomotive maintenance costs have been high 
but it is logical that they should have been under the 
circumstances. The locomotives were pressed into a 
service heavier than anything which had been done be- 
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Fig. 1—Map of the Electrified Section. 


fore or has been done since and for that reason there 
was no precedent to follow in designing equipment. 
Furthermore, the maintenance of any machine is to a 
large extent dependent upon the amount of work done 
by the machine, and the work done per mile and per 
day is greater for the Norfolk &»Western locomotives 
than for any other locomotives, steam or electric. For 
example, about 60 per cent as much power is used by 12 
locomotives operating over 28 miles of line on the 
Norfolk & Western as is used by 42 locomotives operat- 
ing over 440 miles of line on the St. Paul. The power 


consumption on the Norfolk & Western during 1919 was 
67,395,000 kw. hr., while that on the St. Paul was about 
120,500,000 kw. hr. During 1918 the N. & W. electric 
locomotives used 74,325,992 kw. hr. while the St. Paul 
used about 130,177,000. 

In spite of many difficulties the electric system has 
been made to give excellent results and the operating 
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About 60 per Cent of the Line is on Curves 


men agree that it has been the only practical solution for 
the operating problem on this division. 

Construction on the electrified division was started in 
1913 and completed in 1915. The section electrified is 
about 29 miles long and is spoken of as the Elkhorn 
grade. It is a part of the main line in the southern part 
of West Virginia and extends from Bluefield to Vivian. 
The section is all double tracked except in the Elkhorn 
tunnel, which is single track. There are also a number of 
branches into the coal workings and a large amount of 
third track or passing sidings and yard trackage. The 
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total amount of track equipped for electric operation is 
108 miles. The grades on the line are heavy, varying 
from 1 per cent at the west end to 1.5 and 2 per cent up 
the grade, to and through the summit or Elkhorn tunnel, 
a distance of about ten miles. From the summit the line 
descends on a 2.5 per cent grade for approximately a 
mile and then rises again at the ruling rate of about 0.25 
per cent for a little more than ten miles and finally up a 
1.22 per cent grade for three miles into Bluefield, the 
eastern end of the division. Fully 60 per cent of the 
entire division is on curves, the maximum curvature be- 
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locomotives, however, is to make-up and haul extra, east- 
bound coal trains over the electrified division into Blue- 
field. 


Reason for Electrifying 


Decision to electrify the Elkhorn grade was made be- 
cause this section of the road restricted the amount of 
main line traffic that could be handled. The increasing 
traffic together with the heavy grades and added tunnel 
complications had made it practically impossible to 
handle the traffic over this section with steam power. 
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Fig. 2—Profile of the Norfolk & Western Electrified Section 


ing 12 degrees on main line and 16 degrees on sidings. 
The east and west bound tracks are all on the same right 
of way except for about two miles west of Bluestone. 
They separate at Bluestone and come together again 
just at the eastern entrance of the Elkhorn tunnel, the 
line being single track through the tunnel. 


Class of Service 


The function of the electrified section is that of col- 
lecting from the mine sidings and yards in the coal 
fields the entire eastbound coal tonnage and transporting 
it up the grades and over the summit to the classification 
yard at Bluefield, which is a division point. The coal is 
partly classified at Bluefield and then moved east by 
steam power to the various destination points, chiefly to 
the Norfolk & Western marine shipping pier at Lam- 
berts Point near Norfolk, Va. All coal traffic originates 
west of the Flat Top yard, about 6 miles east of the 
summit of the heavy grade, and although a large amount 
of the coal which originates on the electrified division 
goes west the shipments to the east constitute the bulk 
of the traffic handled electrically. Some coal originating 
east of the summit is shipped to the west and this is also 
handled by electric service to yards near the western 
end of the electrified section. There is probably more 
Norfolk & Western coal shipped to the west than to the 
east but over the electrified section the total eastbound 
tonnage is now about six times as great as the west- 
bound. About 80 per cent of the eastbound traffic 
originates between Eckman and Coaldale. (See profile. ) 

Steam road engines are still used over the electrified 
section for through merchandise freight and for pas- 
senger trains, but electric locomotives are used regularly 
as helpers on three eastbound passenger trains for most 
of the through freight trains. An electric helper is also 
occasicnally used to help other delayed passenger trains 
to make up time. The principal duty of the electric 


Because of the mountainous country through which the 
division runs it was not economically practicable to build 
more tracks and the only solution lay in handling heavier 
trains and moving them at higher speeds. Two electric 
locomotives now haul a 3,250-ton train up the 2 per cent 
grade at 14 m. p. h. where originally three mallet loco- 


Fig. 3—Main Switchboard in the Power House at Bluestone 


motives were used at a speed of about 7%4 m. p. h. The 
effect of increased speed was especially marked at the 
single track Elkhorn tunnel, which is over 3,000 ft. long 
on a 1.5 per cent grade. On account of ventilation re- 
quirements, under steam operation, it was necessary to 
reduce the speed up the grade to about 6 m. p. h. requir- 
ing about seven minutes to clear the block. With electric 
operation this movement is made in about three minutes 
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Since electric operation was installed the Elkhorn grade 
has not caused restriction of main line traffic. 


Train Operation 


Several different kinds of operation have been tried 
during the past five years. 


All trains do not do the same 


Fig. 4—The Boiler Room in the Power House Showing Automatic 
Stokers 


work now but following a locomotive and train crew 
through a typical day’s work will give an idea of how 
the coal trains are now handled. 

A train of westbound empties, consisting of from 90 
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The train is run at both the 14 and 28 m. p. h. 
from Bluefield through the Elkhorn tunnel. 

The train then drops down the heavier grade regener- 
ating power to the line. The empties are set off at vari- 
ous sidings on the way down the hill. When the last of 
the empties are to be set off, the caboose is uncoupled on 
the main line and is allowed to roll down the hill until 
it meets the locomotive as it comes out of the lower end 
of the siding. They then proceed to the Eckman yards. 
Had they taken westbound tonnage from Bluefield, they 
would probably have proceeded to Vivian. 

At Eckman all or a part of a 3,250-ton train is made 
up and taken up the grade to the Elkhorn tunnel with 
the aid of a pusher. If only a part of a full tonnage 
train is taken east from the Eckman yards the balance 
will be picked up at other points on the way to the sum- 
mit. 

The method of starting such a train is particularly 
interesting. When the engineer on the front end is ready 
to ‘start he backs the train against the pusher. At this 
signal the engineer on the pusher applies power forward 
and holds with full load current on the motors until the 
front end locomotive has taken its share of the load. 
The pusher then starts forward automatically. 

A special hook is used for uncoupling the pusher at 
the top of the grade. Just before the top of the grade 
is reached the brakeman uses this hook to pull up on the 
coupling pin. The pin is loose for a moment after the 
pusher stops pushing and before it starts to regenerate 
and at this moment the pusher is uncoupled and goes 
back for another train. 

The head-end locomotive then regenerates power down 
the steep grade east of Elkhorn tunnel. With a full 
tonnage train the one locomotive returns practically full 
load current to the line. 

The train then proceeds to Flat Top yard where the 
procedure depends on whether the crew is making its 
first or second trip for the day. In the former case, it 
is usual for the train to be left at Flat Top, the locomo- 
tive returning west, either light, with empties or ex- 
ceptionally with westbound loads. In the latter case the 
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Fig. 5—A _ Typical 


to 110 cars, is made up by a steam switcher in the Blue- 
field yards. The electric crew take their locomotive to 
the caboose track where they pick out their caboose and 
couple it on the rear of the train. The locomotive then 
goes to the head end of the train and proceeds out. 


Section of the Load Curve 


train fills out to 4,700 tons at Flat Top yard and pro- 
ceeds to Bluefield, a pusher being provided on Bluefield 
Hill. At Bluefield the time allowed for preparing loco- 
motive for its next trip is forty minutes. 

There is a more or less prevalent idea that so much 
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time is required by the locomotive engineer in changing 
from the pulling to the regenerating connection that the 
train may exceed synchronous speed on the down grade 
before regeneration can be started. This change can be 
made in a few seconds and even though it were not made, 
the locomotive would regenerate power in the pulling 
connection. The only reason for having a special re- 
generating connection is that when the pulling connection 
is used for regenerating, there is a bad phase unbalanc- 
ing in the phase converter and motors and the total 
amount of power that can be regenerated is reduced. 

Since the system was put in operation in 1915, more 
than 50,000 trains have been taken over the electrified 
section without a regeneration failure. Retaining valves 
are not used. 


Power Despatching 


All of the power for the electrified section is developed 
in one steam power house located at Bluestone. From 
the power house it is transmitted at 44,000 volts, 25 
cycle singie phase to five substations where it is stepped 
down to 11,000 volts and delivered to the trolley. Four 
turbine driven generators rated at 10,000 kw. each are 
used to develop the power, two of these machines carry- 
ing the load for the greater part of the time. The load 
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A record of all electric train movements is kept by the 
power despatcher at the power house. Telephones are 
located along the right-of-way at all important signal 
towers or bridges. When a conductor has received his 
train he calls the power house and reports that he is about 
to start east or west from a certain place with a train of 
a certain tonnage and number of cars. This is recorded 
by the power despatcher on a log sheet and he also has 
stokers and blowers speeded up to meet the coming in- 
crease of load. If it is not practicable to carry the in- 
crease of load with the number of boilers in service, the 
power despatcher asks the conductor to delay starting for 
a few minutes. If for any reason a train is stopped at a 
signal for more than three or four minutes, the power 
despatcher is again informed that it is about to proceed. 
This method permits the power house operator to an- 
ticipate the load, to forestall excessive peak loads and 
as a result operate with a minimum number of boilers 
and generators and obtain a high load factor and rela- 
tively high efficiency. 


Changes in Power House Equipment 


Relatively few changes have been made in the power 
house equipment since the plant was put in operation. 
The retaining wall shown in the foreground of Fig. 6 


Fig. 6—The Power House As It Looks at Present. 
Retaining Wall. 


sometimes changes from nothing to 25,000 kw. in a few 
minutes. One 3,250-ton train requires from 12,000 to 
14,000 kw. for starting on a 2 per cent grade and about 
8,000 kw. are required to move this train up the grade 
at 14m. p. h. Half of this power is used by each of the 
two locomotives and about one and one-half minutes are 
required to reach the speed of 14 miles. Naturally it 
is difficult under these circumstances to operate with a 
high load factor. A system of operation has been 
adopted, however, that has resrlted in 50 per cent load 
factor and a coal consumption sf something less than 
3 Ib. of coal per kw. hr. 


The Insert Shows the 
The Steam at the Right Is Caused by the Spray Cooling System 


“\ 


Intake Channel Entrance As Originally Built Without the 


was added to keep water out of the basement and the 
screens in the intake channel were improved. Originally 
only the screens at the intake entrance were used, but 
these were found to be insufficient and the finer screen 
shown in Fig. 7 was placed in the intake channel. The 
screens are raised periodically and washed with a hose, 
another screen being let down while the first is being 
washed. 

At rare intervals the regenerated power exceeds the 
power used by trains. When this happens, relays con- 
nect water rheostats into the circuit and the excess 
power is absorbed by them. Originally these rheostats 
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were placed in the intake channel but their operation 
was not satisfactory because of the variation in con- 
ductivity of the water. They were taken out of the 
channel and placed in boxes on the other side of the 
power house, where water was supplied from the con- 
densers. The new water rheostats are shown in Fig. 8. 
Their operation has been entirely satisfactory. 


Overhead Maintenance 


The 000 Phono electric contact wire is supported by 
a 00 solid copper secondary messenger which in turn is 
supported by a % in. stranded steel primary messenger. 
The greater part of the main line overhead is supported 
by a steel channel held up by tubular steel poles. (See 
Fig. 9.) In yards a built-up steel pole is used in connec- 
tion with a cross catenary. The 44,000 volt transmis- 
sion lines are carried on one of the steel poles. 

A small car equipped with an elevating platform and 
an insulated ladder, known as the “hot ladder,” were 


Fig. 7—Device for Raising and Lowering Screens in the Water In- 


take Channel. One of the Screens is Shown Before Being 


Cleaned, Covered With Leaves 


provided for trolley maintenance. Now the platform car 
is seldom used and practically all overhead maintenance 
work is done with the ladder. As the name suggests 
the “hot ladder’ is used for working on the catenary 
when the circuit is live. It is made in three 13 ft. sec- 
tions of carefully selected lumber. It is impregnated 
- with insulating compound, is kept clean and dry and is 
treated about once a year with insulating varnish. Oc- 
casionally when the primary messenger has been 
knocked down together with the contact wire and 
secondary messenger, the ladder has been sufficient for 
the work. In such a case the two ends of the messenger 
are pulled together with a block and tackle, which causes 
the tackle to be lifted up with the messenger. The 
ladder is then leaned against the tackle until the mes- 
senger is connected. 

As first installed a certain percentage of the auxiliars 
messenger was steel and the balance was copper. The 
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action of the gases from the steam locomotives caused 
the steel wire to rust badly and it is gradually being re- 
placed with 00 solid copper wire. This change will prac- 
tically double the current carrying capacity of the over- 
head wires where iron was used as the secondary mes- 
senger. 


A megger is used for testing insulators. If the test 


wer . 


Fig. 8—The Water Rheostats for Absorbing Excess Regenerated 
Power. Water from the Condensers Flows Through Them 
Continuously 


shows a resistance of less than 2,000 megohms, the in- 
sulator is replaced. It is then taken back to the shop, 
where cleaning may or may not bring the resistance, as 
measured by the megger, back to infinity. Wood pull-off 
insulators when taken down are dried out in the shop 
and revarnished. 

In bonding the track originally, two 00 pin type, cop- 
per wire bonds were installed per joint, but in replace- 


Main Line Overhead Construction 


Fig. 9—Typical 


ment only one bond is put in. This maintains satis- 
factory continuity and the slight loss in conductivity is 
unimportant with 11,000 volt current distribution. The 
bond maintenance has been kept down by this practice. 

Sleet is not common in the southern part of West 
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Virginia but has to be contended with occasionally. 
When there is sleet on the contact wire four pantagraphs 
are put up on the locomotives instead of the usual two. 
During sleet conditions as shown in Fig. 10 there was an 
insulator flash-over caused by a tree limb being blown 
over a trolley insulator. This slightly interfered with 
traffic, but aside from this, and occasional arcing at the 
pantagraph shoe, the sleet caused no trouble. 

The wear on the contact wire has been measured and 
found to be between three and four thousandths of an 
inch per year on the main line. On branches and stub- 
end yard tracks it has been somewhat higher. 


Locomotive Maintenance 


The locomotives have two cabs and four trucks. 
Trucks and cabs are interchangeable and number plates 
are carried in slots so they can be transferred from one 
cab: to another... Each cab has a+transformer- and sa 
rotary phase converter and each truck is equipped with 
two three phase induction motors geared to a jack shaft 
which in turn is connected by side rods to the two pairs 
of driving wheels on the truck. The blower and a start- 
ing motor are mounted on the phase converter shaft and 
the air pump is connected to the same shaft by a flexible 
shaft and an automatically operated multiple dise clutch. 

Secondary motor resistance for starting is provided 
for by water rheostats. The position of the rheostat 
electrodes is fixed and the resistance is changed by vary- 
ing the height of the electrolyte. The electrolyte is 
motor 


water containing a little sodium carbonate. A 


Fig. 10—The Bluefield Yard. The Sleet Conditions Shown Did Not 
Interrupt Traffic 


driven circulating pump pumps water into the rheostats 
continuously and the height of the liquid is varied by 
moving the outlet up and down. The outlet consists of 
a hollow cylinder which is moved up and down by magnet 
controlled air cylinders through a gland in the bottom 
of the rheostats. 

Maintaining the locomotives has at times taxed the 
ingenuity of all concerned. Frames have broken, been 
repaired and finally a new design of frame has supplanted 
the old. About half of the locomotives have been 
equipped with the new frames. The first was installed 
early in 1920 and as yet none have failed. Crank pins 
and side rod suffered a similar fate, but the result of the 
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repair and replacement has been highly satisfactory. 
Chattering wheel slip at first added much to the wear and 
tear on the locomotives, but it is now the exception 
rather than the rule. 

Several other changes made in the locomotives are of 
general interest. For example, split babbitted bearings 
were used as main motor bearings, but were found un- 
satisfactory because of alinement difficulties an.1 because 
of throwing oil, some of which would get into the motor 
windings. It was also necessary to provide drip pans 
under the gears to keep oil off the track. Solid bear- 
ings with bronze inserts are replacing the split bearings. 
The solid bearings throw very little oil, do not show the 
tendency to run hot that the split bearings did and the 


Fig. 11—One of the Electric Locomotives. The Picture Was Taken 
Before the Headlights Were Changed 


bronze inserts are designed to prevent the motors from 
dropping down on the pole pieces in case the babbitt 
should flow. 

. There is a pinion on each end of each motor shaft. At 
first one of these pinions was shrunk and keyed to the 
shaft, the other being shrunk only. Now they are both 
shrunk on to the tapered ends of the shaft. After one 
pinion is applied its teeth are pressed tightly against the 
gear teeth which it meshes with by turning the motor as 
far as possible in one direction or the other. When the 


_other pinion is applied it is turned as far as possible in 


the same direction so that in operation each pinion will 
take its share of the load. The faces of the first pinions 
were flat and flush with the ends of the pinion teeth. One 
of the new pinions is shown in Fig. 13. The extended 
hub in front is threaded so that a puller for taking the 
pinions off the shaft can be used. The extended cup at 
the back, which is the inner end of the pinion as applied 
to the locomotive, is grooved for the purpose of throw- 
ing off oil from the bearing so that the oil which creeps 
along the shaft will be thrown back into the bearing 
well. It also forms a pocket for the thrust collars, used 
to take up and limit the end play of motor rotor shafts. 

The device shown in Fig. 13 is a transformer for 
heating motor pinions. The core lying in front of the 
pinions is slipped through the pinion and placed between 
the two vertical magnets. The core completes the mag- 
netic circuit of the transformer and the pinion acts as 
a short circuited secondary winding. When alternating 
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current is applied to the primary coils a heavy cur- 
rent flows through the pinion. When it is heated to 180 
deg. C. according to a mercury thermometer, the pinion 
is apphed to the motor shaft. When the transformer 
is cold about 20 minutes is required to heat the pinion 
to 180 deg. The second pinion can be heated in 10 
minutes. 

Iron collector rings were at first provided for the 
main motors, but, seemingly due to vibration, they pitted 
and wore the brushes badly. Copper rings were sub- 
stituted which have given satisfaction, many of them 
having the glossy chocolate brown finish considered ideal 
for commutators. 

Several changes have been .made on the water 
rheostats. Small particles of metal from the electrodes 
caused the outlet cylinders to stick in the gland. This was 
corrected by making a new gland with a collar which 
extended upward from the bottom of the rheostat tank 
for several inches into the liquid. The longest electrodes 
were also reinforced and the level of the liquid not 


Fig. 12—Interior of the Locomotive Repair Shop at Bluestone 


allowed to get below the bottom of the plates. Originally 
the center electrodes could be lifted out of the rheostat 
tank while grounded electrode remained in the tank. 
This permitted a variation of distance between electrodes 
when assembled. The ground plates are now made in- 
tegral with, and lift out with the others. Current limit 
relays have been applied to prevent the outlet cylinders 
rising too rapidly and thereby overloading the motors 
and slipping the wheels. 

Headlights were removed from the top of the cab 
where they were close to the pantagraph and placed on 
the forward and rear trucks. 

A small storage battery is used on the locomotive in 
connection with the low voltage circuit used for lght- 
ing and control circuits. A generator driven by a small 
induction motor was used to charge the battery and 
supply power to the circuit. Olcasional trouble with 
this motor caused the generator to drive the motor and 
exhaust the storage battery before the difficulty was 
discovered. The generator is now belt driven from the 
converter shaft and a small charge and discharge meter 
such as used on an automobile dashboard is installed in 
the engineer’s cab. 

_ A number of minor changes have been made to provide 
for better accessibility, better lubrication and for wear 
of certain parts. 
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The firemen or helpers as they are cailed say they 
consider the electrics simpler than steam locomotives. 
Inquiry into this statement brings out the explanations 
for this statement. Except in very few cases trouble 
or faulty operation of any part of the locomotive can 
be located and remedied by the helper. Even if a motor 
should burn out it can be cut out and the locomotive 
operated with three of the four trucks. Under these 
circumstances of course it may be necessary to reduce 
the tonnage. 

The outstanding and pertinent facts are that a new 
type of locomotive was made to perform a service never 
before performed and was put into this service practically 
without experiment. Difficulties have been surmounted 
as they appeared and at no time have the electric loco- 


Fig. 13—One of the New Motor Pinions and the Special Transformer 
Used for Heating the Pinions 


motives been unable to handle the business that came over 
the division. Electric operation has made it possible 
to handle the ever-increasing traffic that is originated 
on this division. The far sighted policy of adopting it 
has been profitable to the Norfolk & Western, and the 
working out of the problems involved has been a service 
to all other roads confronted with similar problems. 


Lessons in Railroading 

Picking her way daintily through the locomotive plant, 
a young woman visitor viewed the huge operations with 
awe. Finally, she turned to a young man who was show- 
ing her through and asked: 

“What is that big thing over there?” 

“That's a locomotive-boiler,” he replied. 
ered her brows. 

“And what do they boil locomotives for ?” 

“To make the locomotive tender,” and the young man 
from the office never smiled—The Overhere Digest 
(Minneapolis). 


She puck-. 
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Foreign Electrification Notes 
Brazil 


IE most prominent electrification project now actually 
under way is the Paulista Railway in Brazil. When 
completed this line will require eight 100-ton freight and 
four 120-ton passenger locomotives. These are designed 
for operation on a 3,000-volt overhead trolley system with 
regenerative braking features for heavy grade service. 
Power will be purchased from the Sao Paulo Light & 
Power Co., at 88,000 volts, 60 cycles, generated princi- 
pally in water power plants. The work on the line, which 
is 28 miles long, will be compleetd about June, 1921. 

Reports received from Rio de Janeiro indicate that 
electrification of the government-owned Central Railway 
of Brazil will be begun soon. The commencement of the 
undertaking has been authorized by a bill recently passed 
Sy Congress. 

The first step contemplates electrification of numerous 
suburban lines out of Rio de Janeiro and lines running 
into Sao Paulo. An expenditure of $10,000,000 has been 
authorized, $500,000 having been appropriated about a 
year ago by the Brazilian Congress for an extensive sur- 
vey. The commencement of this work will mark the 
beginning of one of the greatest electrification projects. 

Chili 

The Chilean government is considering electrification 
of the Trans-Andean Railway between Santiago and Val- 
paraiso. It is understood that the arrangements for 
financing this project are nearing completion. 


Argentine 


The American Embassy in Argentine reports that the 
minister of works is causing a study to be made of the 
Central Norte Argentino Railway with a view to its elec- 
trification from Cordoba to Cruz del Eje, a distance of 
93 miles. This part of the line has a heavy passenger 
traffic and is favorably situated for hydro-electric power. 


Japan 

The completion of the extensive power systems along 
the Shinano river in Japan will make possible the elec- 
trification of over four hundred additional miles of Jap- 
an’s State Railways. Electrified lines have already proved 
successful in Japan. The plan for widening the gage 
which had been contemplated has been dropped in view 
of the fact that the nation’s supply of coal will be ex- 
hausted before many years unless electrification is begun. 
Although the bill calling for the expenditure of 100,000,- 
000 yen on this project failed by a narrow margin to pass 
the Diet when it was proposed last July, railroad officers 
anticipate that the measure will receive government ap- 
proval in this or in another form in the near future. 

Lines operating in the vicinity of Tokyo for the year 
ending March 31, 1920, show a total car mileage of 
9,816,211 and a power consumption of 24,795,646 kw. 
hrs. The coal used was estimated at 25,000 tons and the 
saving due to electrification at 50,000 tons. 


France 

The Midi Railway is considering electrifying the fol- 
lowing main lines: Toulouse to Tarbes, Pau, Bayonnes, 
about 220 miles; and Bordeaux to Dax, Hendaye, about 
160 miles. Branch lines to be electrified are: Toulouse 
to Auch, 60 miles; and Montrejeau in Bagneres-de- 
Luchon 24 miles. If the full plans of the chief engineer 
of the Midi Railway are carried out, about 1,000 miles of 
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main and branch lines will be electrified between 1920 and 
1925. The necessary power will be obtained from the 
Pyrenees, partly from two stations at Soulom and Eget, 
in the Hautes-Pyrenees, which are already working, and 
partly from three new stations in the valley of Ossau, 
Basses-Pyrenees. Between 1925 and 1930 two further 
groups of lines will be electrified. The first group, com- 
prising 370 miles, will be supplied by two existing power 
stations at La Cassagne and Fontpedrouse, in the val- 
ley of Tet (Pyrenees-Orientales) by three new stations 
in the same valley—Olette, Fontpedrouse and Les 
Bouillouses—and by three new stations in the valley of 
the Ariege—Ax-les-Thermes, Merens and Saillans. The 
second group, consisting of 370 miles, will be supplied by 
seven power stations which are to be constructed in the 
Cevennes. 
General 

It is estimated that there are about 1,300 electric loco- 
motives in daily operation in all parts of the world. 
With the exception of the United States, the countries 
of Japan, Norway, Switzerland and Chili lead in elec- 
trification progress. Switzerland is electrifying 2,000 
miles of track according to fixed schedule. France will 
electrify about 250 miles a year in the future. In the 
United States there are now 700 locomotives operating 
over approximately 8,000 miles of single track. 


Unloading American Locomotives in Belgium 


- 


Along the Right of Way of the Chicago, Milwaukee & St. Paul 


Train Handling With Electric Locomotives 


Passenger Service and Passenger Train Operation 
—This Is the First of a Series of Three Articles 


By W. S. H. Hamilton* 


ASSENGER trains are run on a schedule which 
Pp allows a certain running time over a division. This 
running time is based mainly on the average speed 

the motive power can make without too great an effort, 
the nature of the track and the country through which 


missible speed at all times and skillful engineers can 
make up considerably more time with the same motive 
power than unskilled or inexperienced ones simply by 
taking advantage of conditions. 

Electric locomotives for such service are shown in 


it runs. These last two items 
are especially important in 
mountain railroading. It is 
usually possible in reasonably 
good weather to make faster 
time than that called for by 
the running time without ex- 
ceeding the limits of safety 
or comfort to passengers and 
this allows more or less time 
to be made up. The require- 
ments then for the motive 
power for passenger service 
are ability to handle certain 
train weights over. a given 
profile at the speeds required 
by the schedule efficiently 
and smoothly, maintaining 
quite closely the schedule 
speeds at all times with the 
trains on time and with them 
late, to handle them on all 
parts of the run at the maxi- 
mum speed permitted by the 


LECTRIC and steam locomo- 
tives have individual char- 
acteristics and the rules laid 

down for train handling with one 
do not apply to the other. Loco- 
motives must be designed to fulfill 
the conditions imposed and used 
so as to handle trains effectively. 

The three articles deal respect- 
ively with passenger car service 
and passenger train handling, 
freight service and freight train 
handling, and the use of helpers. 
The writer acted as an instructor 
to engineers on the locomotives of 
the St. Paul from December, 1915, 
to August, 1917, and from Decem- 
ber, 1919, to April, 1920. 


Figs, 1 and 2, The principal! 
dimensions of the two loco- 
motives are given in Table I. 
On the Chicago, Milwaukee 
& St. Paul there are five of 
the General Electric locomo- 
tives which at present are in 
service on the coast division 
and ten of the Westinghouse 
type handling the passenger 
trains on the Missoula and 
Rocky Mountain divisions. 
The original 42 G. E. locomo- 
tives are now used to haul 
freight on all three electrified 
divisions. 


Locomotive Characteristics 


Whesspeed tractive effort 
curves on resistance when 
motoring for the gearless lo- 
comotive are shown on Figs. 
4 and 5. It will be noted 


from them that there are a 


safety and comfort of the passengers in order that 
the maximum amount of time may be made up. A 
large amount of time may be made up by taking ad- 
vantage of the profile and holding the maximum per- 


*Railway Equipment Dcpartment, General Electric Company. 
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total of eight running speeds provided; four full field 
and four tapped field. The four full field speeds can 
be used anywhere including mountain grades (1.5% or 
over) but the four tapped field speeds only on lighter 
grades or with light trains on mountain grades. The 
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highest full field speed is sufficient to take the maximum 
train up a grade at a speed slightly faster than the 
schedule speed and there is another running speed slight- 
ly lower which is about right for just making running 
time. The maximum speed up grade selected for elec- 
tric locomotives is usually between 25 and 30 m. p. h. on 
mountain grades and is in excess of that which is made 
by steam engines when double heading. 

In descending mountain grades regeneration is used 
to control the speed. Two connections of regeneration 


TABI We 
PRINCIPAL D:MENS:ONS OF PASSENGER LOCOMOTIVES 


Westinghouse General Electric 


Wiheell platens eetters ore cantare stein eueuer ere 4-6-2-2-6-4 2-4-8-8-4-2 
Driving wheels, diameter............ 68 in. 44 in, 
Truck wheels, diameter... ....-.22 004 36 in. 36 in. 
Weight on drivers, in working order.. 345,000 Ilb.. 492,000 lb. 
Weight, total, in working order........ 562,000 lb. 551,000 Ib. 
Non-spring borne weight per driving 

BRI EUE a dent ive a ata aiaeetS ea dste Oe OMEiee 7,800 Ib. 9,500 lb. 
Gength overt allisecm.c ek tee ee So fia omin. 76 tt=0) 1: 
Total. swheelbasew acrice. aceite ene 79 ft. 10 in. 672 ft. (0 ime 
Maximum rigid wheelbase............ 16 ft.) 9 in. 13) ft. 1a un 
Nimiber fobedrivingsaxleshentsee omnes ke 6 12 
Number Tot) mmOtOrs.a emmetsiaeie ererclem uri 12 12 
Total tractive effort; 1-hr. motor rating. 66,000 46,000 
Total hp., one-hour motor rating (con- 

TAGE) Diotererere eh naeeneee Cheer ee antes ee aeers 4,000 3,240 
Total hp., continuous (contract)/...... 3,200 3,025 


are available, one covering the range from 20-65 m.p.h., 
and the other from 10-30 m.p.h. The first connection 1s 
the one ordinarily used. The speeds permissible when 
descending mountain grades (1.5% and over) vary from 
20 m.p.h. on grades having bad curves, rocks, etc., up 
to 35-40 m.p.h. for open straight track. The first mit 
is set by the ability to stop within a limited distance on 
account of vision and the second represents about the 
maximum speed from which the air brakes can be 
safely relied on to stop the trains. On lighter grades 


Fig. 1—The Bi-Polar Gearless Passenger Locomotive Built by the 
General Electric Company 


higher speeds may be made but the maximum is usually 
50-60 m.p.h. 


Regenerative Braking 


Regeneration saves the wear and tear on brakes, shoes, 
etc., and also the jar to the train caused by the repeated 
applications of the brakes. When operating with steam 
power on grades with numerous curves the trains are 
taken down by means of successive applications and re- 
leases of the air brakes, never making a very heavy ap- 
plication and only occasionally releasing them entirely. 
This results in a fairly even speed. On the heaviest 
grades this method cannot be used because of the tend- 
ency to gradually apply the brakes hardest on the cars 
at the rear of the train and put most of the work on 
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those brake shoes. This is the reason for the occasional 
complete releases referred to above. They are usually 
made when the train is entirely in a curve or just enter- 
ing one so that the train will not speed up too much 
while the brakes are entirely released. 

The practice on the heaviest grades, particularly when 
nearly straight, is to allow the train to accelerate to the 
maximum speed, say 35-40 m.p.h., allowed on that grade, 
then a fairly heavy application of the brakes is made 
and the brakes are kept applied until the train slows 
down to about 15-20 m.p.h., when the brakes are en- 
tirely released and the train is allowed to run free until 


Locomotive Built by the 
Westinghouse Electric & Manufacturing Company 


Fig. 2—The Quill-Geared Passenger 


the maximum speed is again reached which gives time 
enough for recharging the brake pipe. This results in 
considerable jar to the train but makes the brakes on all 
cars apply uniformly. Retainers are not ordinarily used 
on passenger trains. 

This jar is eliminated by the use of regeneration and 
the train may be held at a uniform speed. Within the 
capacity of the locomotive this speed may be varied to 
obtain the maximum desirable for any given part of the 
grade. This variable speed regeneration is especially 
desirable when handling train weights less than the max- 
imum as then a wide range of speed can be obtained. 
Stops for cooling brake shoes and wheels are also elim- 
inated which are required on some grades, when oper- 
ating with steam power. 


Little Helper Service Required 


The electric locomotive has a big advantage over steam 
power in that it-is entirely feasible to build one big 
enough to go over the entire profile and thus eliminate 
helpers on the heaviest grades. This is best shown by 


the table below. 
TABLE II. 
HeEtrers on C. M. & St. P. Rarttway. SrEAM OPERATION 
Eastbound Passenger Trains. 


Helped trains Dis- Helpersran  Dis- 

Division Helper Station to tance to tance 

Coast ee res Gedar® Kallsianeders Rockdale . 19.2 Rockdale 3 ASR 
\GOASt” oh atane satecnePeteres GhAShFCN An Gao barr Boylston 10.5 Beverly + 29:3 
IMIESORBUEN, Sige diols aa.c. AVETY 2. se cake are Roland eyes 21.7), Haucatieme cers 
Rocky Mountain... Butte Yard..... Donald waciecns 14.9 Donald ..... 14.9 
‘Total “miles'velectrified  divistonsreme neces eee oe ee eee 646.2 
otal ‘miles’ helpers Srequired cscs een anes eee ee 66.3 
Percentage of miles helper required to total miles electrified divisions. 10.2: 
Total thelperdistrictumilesaag cose een he woes cece eee 101.2 
Percentage of helper district miles to total miles electrified divisions 15.7 


Note—With trains more than 10 cars or about 735 tons trailing, it was 
customary to provide helpers on the Coast Division from Renton or Maple 
Valley to Cedar Falls in addition to that shown. On the Rocky Mountain 
Division it was customary to double head the train over the entire divi- 
sion from Deer Lodge to Harlowton under this condition, 
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WESTBOUND PASSENGER TRAINS 


Helped trains Dis- Helpersran Dis 

Division Helper station to tance to tance 

Rocky Mountain... Lennep ........ Loweth...... 9:7 Loweth Pe oe, 

Rocky Mountain... Piedmont ees OTA venae, ose Dotiald) meen Oe 
Haugan to E. 

Missoula) wns hace a AVICLVE te sete aeie Portal sae, 4-0 Very man nts 37.8 

Coast Uses Peiokivon, Beverly 5 Gkcacccts . Boylston PS Se Kattitas!s seve ore 

Oral MHleS MeELeCUCLNE Cs NGEVISIONS Sisie araretscts «lala & alciv’e ¢ cass atotaereele anetelere 646.2 

ROtAl miles, Wel pers). TEQuited Phe, ssieuis avecsbiey sole 4-008 votbiole sheen a ne 63.3 

Percentage of miles helper required to total miles electrified divisions. 9.8 

ota Weaire let GIGECICE Me MMMES eh.) oh. tele ciascGhhia is ce tusuetsim, oda Liece se cldcaee neue 97.5 

Fercentage of helper district miles to total miles electrified divisions 15.1 


Note—The double heading on eastbound trains on the Rocky Mountain 
Division frequently required considerable double heading on the westbound 
trains in order to return the engines to the proper terminals. 

With electric operation helpers are not used at all on 
the passenger trains. The locomotive shown in Fig. 1 
weighs 265 tons and is capable of handling a 960-ton 
train, trailing (13 cars) on a maximum grade of 2.2 
per cent. This permits it to operate on any grade be- 
tween Harlowton and Seattle. The elimination of help- 
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in the center of the scale and indicates to the right, the 
current being taken by one motor from the line when 
motoring and to the left the current delivered by one 
motor to the line when regenerating. It is called the 
line ammeter. The other ammeter is called the field 
ammeter, has zero at the left end of the scale and always 
indicates to the right. It indicates the current in the field 
of one motor and this is the same as the line current 
while motoring. A voltmeter indicating the trolley volt- 
age and a speedometer are also furnished. The two 
gages for the air brakes are the same ones furnished 
on steam engines and show: main reservoir, equalizing 
reservoir, brake cylinder and brake pipe pressures. The 
air brake equipment is known as the modified EL14 and 
consists essentially of two ET6 equipments operating to- 
gether. 


At each operating position two inter-connecting brake 
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Fig. 3—Profile of the St. Paul, Including the Three Electrified Divisions 


ers saves considerable time previously required by stops 
and delays incident to cutting helpers in and out of the 
trains. Where helper districts form a considerable por- 
tion of the division it is certainly best to make the loco- 
motive large enough to handle the train over the entire 
division alone. 


Metering and Air Brake Equipment Used 


In order to make more clear the subsequent descrip- 
tions of the detailed handling of the trains it seems best to 
first describe briefly the metering and air brake equip- 
ment of the locomotives. This description applies to 
both passenger and freight locomotives. At each oper- 
ating position in front of the engineer there is placed a 
panel on which are mounted two ammeters and the two 
air brake gages. One of these ammeters has the zero 


valves are provided, the automatic brake valve for con- 
trolling the automatic brakes on the train and locomotive 
and the independent brake valve controlling the brakes 
on the locomotive only, by which they may be applied 
and released regardless of the condition of the brakes 
on the train. 

An electro-pneumatic valve is provided on the bipolar 
passenger locomotives which keeps the independent 
brakes released on the locomotive while it is regenerating. 
This prevents the application of both at the same time 
which is liable to slip the wheels. A pneumatically op- 
erated switch is also provided which cuts off all power 
when motoring or regenerating and also allows the in- 
dependent brakes to apply, in case an emergency appli- 
cation of the automatic brakes is made either by the 
brake valve or from the train. Tshese features are quite 
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valuable and are not installed on the older freight loco- 
motives. 


Passenger Train Handling 


The handling of passenger trains is less complicated 
than that of heavy freight trains but a different kind of 
skill 1s required for each. The most important requisite 
is that the engineer must be able to judge braking dis- 
tances correctly at various speeds when using the air 
brakes. The locomotive should have a reasonable num- 
ber of steps in the controi so that power may be applied 
gradually. 

In starting a train’on level or nearly level track the 
controller is simply pulled out notch by notch, the en- 
gineer meanwhile watching the ground until the train 
just starts to move, when it is usually pulled out more 
slowly until the locomotive has moved a few feet, after 
which the acceleration may be increased to the desired 
rate. This avoids any slack action or jolting of the rear 
cars due to the head ones being started too quickly. It 
is seldom necessary to take the ‘slack when starting a 
passenger train with an electric locomotive as is usually 
the case with steam engines. When necessary it is usu- 
ally caused by the condition of the rail being such that a 
high coefficient of adhesion cannot be obtained. 

In stopping on the level or on light grades, the con- 
troller is shut off and an application of the air brakes 
made, the amount varying with conditions. Before com- 
ing to a stop it is customary to release partly or entirely 
the independent brakes. This allows the locomotive to 
stretch the slack out of the train, which permits starting 
again without any jolts to the rear cars. 

Electric locomotives, especially those of the bipolar 
type, have much less friction than steam engines and 
this is very noticeable in handling passenger trains on 
light grades either ascending or descending. A steam 
engine when shut off at once shoves back against the 
train and tends to bunch the slack. When making slow 
downs for curves it 1s necessary to keep working a small 
amount of steam even while the brakes are applied on the 
train to prevent this action. With the electric locomo- 
tive this is no longer necessary as when power is shut 
otf there is little or no tendency to bunch the train 
slack. 

On grades of about .4 per cent maximum descending 
the electric locomotive will coast with the train very eas- 
ily and seems to have about the same friction as the 
train. On grades of about .6 per cent maximum it is 
possible to regenerate a little. Steam engines on these 
grades would require working a small amount steam 
(drifting throttle). 


Starting on Grades 


When standing on mountain grades the train is held 
by keeping the independent brakes applied on the loco- 
raotive with brakes released on the train. When it is 
desired to start the train, the controller is pulled out two 
or three notches and the brakes released, the controller 
being then brought out notch by notch until the train 
either moves or the locomotive slips its wheels. An ex- 
perienced engineer keeps close watch of the ground while 
doing this to see exactly when the train first starts, al- 
though he also manages to watch the ammeters so as 
not to apply too much current. As soon as the train has 
started moving the controller is held in that notch until 
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tlie locomotive has moved a few feet and then the acceler- 
ation is continued at the desired rate. This is usually 
as close to the wheel slipping point as can be held. 

In stopping on an ascending mountain grade the con- 
troller is eased off a couple of notches or so at a time 
until it reaches the second or third notch. With the con- 
troller in this position the train is allowed to “stall,” the 
independent brakes are applied and the controller then 
shut off, 

When taking siding on an ascending mountain grade 
the controller is shut off slowly to a notch in which the 
train will just keep moving. This allows the brakeman 
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Fig. 4—Speed-Tractive Effort Curves on Resistance With 12, 6 and 
3 Motors in Series for the Gearless Locomotive 


to.get off and run ahead to open the switch and allow 
the train to head in on the passing track without actually 
stopping. The train is then speeded up some by bring- 
ing the controller out a: few notches but when the rear 
of the train is nearly over the switch it is necessary to 
move the controller back several notches again in order 
that the rear brakeman may get on after closing the 
switch without having to stop the train. 


The Use of Regenerative Braking 


During regeneration four of the motors on the gear- 
less locomotive are used to excite the fields of the other 
eight which return energy to the line. A separate handle 
on the controller is used to control the regeneration and 
this is known as the braking handle to distinguish it 
from the main handle which controls the acceleration 
and motor grouping. 
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Two methods are provided for commencing regen- 
eration. The first method permits of commencing re- 
generation without interrupting the motoring current 
entirely although reducing it in amount. This method 
is very desirable when tipping over the summit of a 
grade as then the locomotive passes over into regenera- 
tion very easily. Furthermore, some of the grades tip 
over very sharply and it is necessary to keep power ap- 
plied to the train until it actually gets on the down grade 
and begins to speed up. This can be done very con- 
veniently by this method. 

The second method was intended for use when 
starting from rest on descending mountain grades. It 
allows regeneration to be commenced without any motor- 
ing current being applied first. When using this method 
the train is allowed to start from rest and run free 
until a speed of 5 to 10 m.p.h. is obtained, depending 
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Fig. 5—Speed-Tractive Effort Curves on Resistance With 4 Motors 
in Series for the Gearless Locomotives 


upon the grade, the independent brakes on the locomo- 
tive being used to some extent to control this speed. 
Regenerative braking connections are then applied and 
after they have been fully established, the operation is 
the same as with the first method. Theoretically, this 
should allow better train handling than the first method 
since there is no motoring first to pull out the train slack. 

Practically no difference was found by several 
months’ experience and the first method is used almost 
entirely now. From this it may be concluded that any 
method of applying regeneration to a passenger train 
will be successful providing that there is not too much 
motoring at first. In passing it may be noted that in 
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the older geared passenger locomotives supplied the C. 
M. & St. P. Railway, it was necessary to apply full mo- 
toring connections before regeneration could be com- 
menced and these locomotives were very successful in 
service for several years. They were finally converted 
into freight locomotives by changing the gear ratio. 
This was done because at the time they were purchased 
it was considered desirable to have only one type of loco- 
motive for both freight and passenger service and not 
to adopt a purely passenger type until more locomotives 
were required. 

When descending a mountain grade, regenerating, if 
it is desired to stop, the regeneration is slightly decreased 
by moving the braking handle back one or more notches, 
the automatic brakes are applied with a light service 
application of about 10 lb. and when the line ammeter 
indicates that the current returned to the line is nearly 
zero both handles are shut off and the application of 
the automatic brakes continued to the desired degree 
to stop the train. The independent brakes apply on the 
locomotive as soon as the controllers are shut off. As 
soon as the train comes to rest the automatic brakes are 
released on the train and the independent air brakes ap- 
plied on the locomotive to hold the train. 

In starting again, the independent brakes are released 
and power applied to start the train. The controller is 
brought out to the position where regeneration can be 
commenced and regenerative braking connections estab- 
lished as previously outlined. 

It is sometimes necessary when regenerating to make 
slow downs at a faster rate than the regeneration will 
make them. This is done by applying the automatic air 
brakes on the train, the independent brakes being kept 
released automatically. In case the speed should be re- 
duced too much the locomotive will commence to motor 
and if this becomes objectionable in amount the controller 
is shut off until the brakes are released and full speed 
can be resumed. There is no difficulty in using the air 
brakes and regeneration at the same time. 


Kind of Control Required 


In order to meet the conditions of train handling as 
described above successfully, especially those for moun- 
tain grade operation, the control equipment of the loco- 
motives must be so designed that power may be applied 
eradually both to prevent wheel slipping of the locomo- 
tive and also to prevent jolts to the train. This requires 
an ample number of steps of resistance and proper pro- 
portioning of the same. The accelerating curves on re- 
sistance are shown in Figs. 4 and 5. The increments of 
tractive effort between steps when accelerating to a 
maximum of 25 per cent coefficient of adhesion are about 
22,000 Ib. for the 12 motors. This is about the maxi- 
mum increment between steps that should be applied to 
a passenger train. The change in coefficient of adhesion 
between steps is about 5 per cent, which represents some- 
where near the maximum for this weight of locomotive 
which should be allowed if the wheels are not to slip too 
easily when going from one resistance step to the next. 

Furthermore, if the train is to be handled smoothly 
the same steps should be obtained when turning off the 
controller as when turning on. This bars out ar- 
rangements such as used on some trolley cars where the 
power circuit is opened as soon as the controller is 
started back toward the off position. 
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Ample capacity should be provided in the rheostats. 
The above locomotive can be worked at 300 amperes 
corresponding to 14 per cent coefficient of adhesion for 
about 10 minutes or at 485 amperes corresponding to 25 
per cent coefficient of adhesion for about five minutes 
without overheating the rheostats. These values repre- 
sent approximately the capacity required for mountain 
grade service. 


Electrifying Harbor Railway 


elise electrification of the Montreal Harbor Railway 
terminal, at present steam operated and consisting of 
surface lines and a total trackage of 58 miles, situated 
between the Victoria Bridge and the Imperial Oil wharf, 
is now well in hand. It was recently stated by F. W. 
Cowie, chief engineer of the Port of Montreal, that about 
42 miles of track will be in operation by spring. The re- 
mainder, about 16 miles of track, from section 19 west- 
wards will not be electrified until later. 

Electrification of the railway terminal was advocated 
for many years by W. G. Ross, president of the Harbor 
Commission, and it is largely due to his efforts that this 
undertaking is now successfully nearing consummation. 
Early in 1918 the Harbor Commission realized that traffic 
on the terminal railway was increasing so rapidly that to 
avoid congestion it was necessary to procure more steam 
locomotives or to electrify the system. With the latter 
idea in view, a number of important electrified freight 
terminals were visited, and conditions closely studied, with 
the idea of adopting the best system for the Montreal 
Harbor terminal. 

It was found that electrification for freight yards 
and terminals was everywhere reported as being eco- 
nomical and satisfactory in every way, electric locomotives 
being considerably more efficient than steam locomotives, 
especially in the winter time. An electric locomotive was 
found to be capable of drawing heavier loads up steeper 
grades than one operated by steam. The elimination of 
the smoke and soot evils and the saving of coal were also 
important points to be considered. In view of the climatic 
conditions, and the successful operation of the 
Canadian National Railway Lines through the Mount 
Royal tunnel terminals, which have a 2,400-volt, direct 
current overhead system in use, a similar system was 
considered for the Montreal Harbor terminals. 


Line Construction 


Sufficient material to make a start was received in Sep- 
tember, 1919, and a commencement was actually made on 
the twenty-second of that month, construction being car- 
ried on steadily throughout the winter months on the over- 
head line work, as well as the track. 

The overhead catenary system is used, the cross-spans 
being supported by wooden poles of western cedar where 
development is not completed and by steel poles where 
permanent conditions exist, the latter being set in con- 
crete well above the ground level. 

The overhead system has been divided off into approxi- 
mately half-mile sections, with a view of anchoring each 
half-mile independently, the anchor poles being heavily 
euyed in all directions. The messengers are composed of 
high strength steel strands, heavily galvanized to with- 
stand the climatic conditions, and put up under heavy 
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tension in order to have a predetermined sag between the 
pole spans, which is determined by a dynamometer. Feed- 
ers will be carried from the substation to the various 
sections of the line where sectionalizing switches will be 
installed to energize the different sections. The return 
current will be carried entirely by the rail system. All the 
rails have been bonded with a view of having a perfect 
return negative circuit to the power house. Cross-bonding 
and tie-in bonds have been installed at all switches, cross- 
overs and points, to eliminate any possibility of interrup- - 
tion should alterations be found necessary to the track 
system. 


Type of Locomotives 


The electric locomotives will be the enclosed cab-type, 
83-ton units with double end control of the 2,400-volt 
direct-current type, using a pantograph collector to gather 
the current from the trolley to the control equipment and 
motors. There will be two locomotives to start with and 
as the complete system is gradually put into operation the 
steam locomotives will be withdrawn and replaced with 
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Sub-Station 


The sub-station will be a double story building situated 
centrally with the traffic conditions. The structure is to 
be of reinforced cement and steel, with fancy light buff 
brick facings. The incoming lines from the power com- 
pany will consist of two 3-phase, 11,000-volt, 60-cycle 
circuits. This will be transformed down and _ con- 
verted to 2,400 volts d. c. for the railway operation. The 
switchboards will consist of marble panels carrying the 
necessary instruments, circuit-breakers and switch gear 
necessary for the control of the high tension incoming 
lines, power and light transformers, motor generator sets 
and the storage battery. The latter will be used for 
operating the solenoids and motor controls, cell switches 
and emergency lighting. 

The work is being carried out under the supervision 
of F. W. Cowie, chief engineer of the port, while T. E. 
Salter is the electrical engineer in ‘charge. 
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A Car Used as a Temporary Jail in a Prohibition Raid at 
Hurley, Wis, 


New Catenary Construction for the Hoosac Tunnel 


Severe Conditions of the Boston & Maine Electri- 
fication Necessitates Partial Renewal 
of Overhead Equipment 


N order to fully appreciate the advantages which may 
be derived from tunnel electrification, one needs have 
an understanding of the conditions that obtained in 

the Hoosac tunnel of the Boston & Maine prior to the 
advent of electric locomotives on its line. 

The Hoosac tunnel, which passes under the Hoo- 
sac range of the Taconic mountains in the north- 
western corner of Massachusetts, is 434 miles in 
length, being the longest tunnel in the United States. 
Years ago the tunnel was equipped with electric lights 
and was featured in the advertising literature of the 
company. As time went on, the traffic through the 
tunnel increased and the quantity of smoke and gases 
emitted by locomotives passing through dimmed the 
electric lights until eventually they were abandoned. 
Each succeeding year brought increases in traffic with 
the conditions growing worse and worse. 

The construction of the tunnel is such that there is 
a slight grade upward from each portal to the center. 
Normally there would be no necessity for a helping 
locomotive, but the rail conditions in the tunnel are: 
so bad and so much trouble was experienced that help- 
ing locomotives were provided for trains in both direc- 
tions. Now and then an engineman would attempt to 
go through the tunnel without assistance provided 
conditions were favorable, but for the most part the 
men were so affected by the difficulties of the run that 
they could not be induced to make the attempt alone. 
It must be said that their fears were justified, for on 
many occasions enginemen and trainmen were so 
overcome by smoke and gas as to require hospital 
treatment. So bad were the rail conditions, that it 
was quite a common thing for an engineman to hol] 
a broom handle against the tunnel wall to ascertain 
whether or not his locomotive was moving. On one 
occasion, an engineman of a passenger train was so 
deceived by the sound of the exhaust and motion of 
the locomotive that he allowed the driving wheels to 
slip until he was signalled from an official on the train 
who had discovered that the train had stopped. The 
driving wheels had slipped so long that the head of 
the rails were practically worn through and the tires 
on all of the drivers loosened. 

Having such conditions to contend with, the only 
surprising thing about the electrification of the 
Hoosac tunnel is that it was not done sooner. Even 
after the question of using electric motive power ha 
been definitely decided upon, there still remained the 
difficult job of installing the overhead equipment 
under traffic. It is probable that only those who took 
part in this work can have any real appreciation of 
the difficulties encountered in its accomplishment. 
The rock men, who drilled the roof of the tunnel for 
the trolley supporting brackets, worked under the 
most adverse conditions. They wore large hats and 
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At the East End of the Hoosac Tunnel 


goggles and before entering the tunnel rubbed grease 
paint on their faces. The work was performed in 
tent-like enclosures mounted on car roofs and a sup- 
ply of air, as fresh as could be had, was pumped by 
compressors into the tent from the floor of the tun- 
nel. The conductor of the train was in constant tele- 
; hone communication with the train despatcher. 

All of this was ten years ago. Today the tunnel is 
comparatively free from smoke. Certainly there are 
no such clouds of smoke and gases as were formerly 
found there. One can stand in the center of the tun- 
nel and see the daylight at either portal, so great has 
been the improvement in conditions. 

At a point halfway through the tunnel is located an 
air shaft which leads upward to the top of the moun- 
tain about 1,000 ft. above. At the top of this shaft a 
motor driven fan is installed for the purpose of clear- 
ing the tunnel of gases which are given off by the 
steam locomotives as they are being towed through. 
The arrangement of this fan is such that its direction of 
rotation can be reversed if desired. As it is normally 
operated the gases are drawn upward. 

While there is of course no such quantity of gases 
and smoke as were present in former days, the total 
amount of injurious gases which is found to be pres- 
ent on account of the combustion of the coal in the 
steam locomotives has been sufficient to cause a con- 
siderable corrosion of the catenary construction. At 
the present time there are practically 100 movements 
through the tunnel a day, the traffic being approxi- 
mately equivalent to 2,200 cars. It is fairly obvious, 
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therefore, that with so many movements through the 
tunnel there would be a considerable amount of gas 
given off from the locomotives. This gas, together 
with the water dripping from the roof of the tunnel, 
has produced excessive corrosion on certain portions 
of the catenary construction, particularly noticeable 
on the bronze hangers which support the trolley wires 
from the stranded copper messenger cable above. In 
order to secure the advantage of better conductivity 
the hangers throughout the tunnel are constructed so 
as to support two separate trolley wires. A portion 
of one of these hangers is shown in the photograph 
where the corrosion is plainly evident. Short pieces 
of the trolley wire are also shown in the grip of the 
hanger clamps. The extent of the corrosion on this 
hanger is such that the clamp and the trolley wire 
have practically become one inseparable piece. The 
trolley wire used is figure 8 section Phono-electric 
wire and while the corrosion of the hangers is very 
marked the extent of the deterioration of the trolley 
wire is remarkably little. Originally the diameter from 
the top of this wire to the bottom was 0.5 in. After ten 
years of use this wire stiil measures from 0.387 to 0.443 in. 
in diameter, showing that so far as the wear from the 
pantagraphs is concerned, it would still have a number 


A Portion of One of the Corroded Hangers From the Original 
Catenary Construction 


of years to go before it would necessarily have to be 
renewed. 

Strange as it may seem the determining factor in 
the renewal of the catenary construction was neither 
the Phono-electric trolley wire nor the bronze hangers, 
but was the copper messenger cable itself, and the 
circumstances under which this supporting conductor 
has failed are so extraordinary and unexplainable as 
to be of greatest interest to electrical men who have 
charge of similar installations in other localities. 

From time to time during the past 10 years the 
messenger cable which was composed of 17 strands of 
hard drawn copper wire having a cross-sectional area 
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of 300,000 circular mills, has failed in a most peculiar 
manner. Up to the present time there has been no 
satisfactory explanation as to the cause of this failure. 
The general appearance of the deteriorated parts is 
not unlike that produced by electrolysis, but inasmuch 
as this failure has consistently occurred between sup- 
porting insulators there is no foundation whatever 
upon which to base such a conclusion. Throughout 
the entire tunnel during the 10 years of its installa- 
tion the messenger cable has deteriorated in some 40 
or 50 places. These failing spots have been reinforced 
with other patches of the same kind of conductor 
using Crosby clamps. The general nature of the failure 


>| 


15" 
IC ay 


Hey, 
ae 
My GE 


Details of Trolley Hangers Used in Hoosac Tunnel 
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appears to be a reduction in the cross-section of the 
messenger cable with the eventual disintegration of 
the strands which compose it. When such weak points 
have been discovered and reinforced with patches the 
most peculiar and interesting factor is that the patches 
themselves failed in exactly the same spot as did the 
original messenger cable. Nor did the failures occur 
at all points where drippings from the roofs of the 
tunnel fell upon the messenger cable. Throughout 
its entire length there are many wet spots where the 
messenger cable is subjected to water dripping upon 
it but in many of these places no failures have resulted. 
From the facts at hand, it would almost seem that at 
certain points throughout the tunnel that the water 
dripping from the roof contained in suspension some 
chemical substance which possessed a property for at- 
tacking the copper messenger cable. Unfortunately 
no attempt was made to collect any of the drippings 
at these points on account of the difficulty involved 
in applying a suitable device for this purpose. 

The failure of the messenger cable therefore was 
the chief factor which determined the life of the 
original installation. On account of the necessity of 
tieing up one of the tracks during the renewal of the 
overhead construction it was felt that it would be the 
best plan to not only renew the messenger cable itself 
but the hangers and trolley wires as well, as it would 
only be a matter of a few years when this would 
necessarily take place. During this reconstruction 
work it was found advisable to raise the height of the 
trolley wires from 2 to 6 in. according to the location. 
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From time to time considerable trouble had been had 
on account of the brake staffs on certain box cars com- 
ing in contact with the trolley wires, and by providing 
additional clearance this difficulty would be eliminated. 

The work of the renewal was begun on October 10 
and completed on December 6. 

The work of installing the new overhead construc- 
tion was performed under vastly different conditions 
from those under which the original installation was 
made. There was practically no smoke to contend 
with and the amount of gases emitted from passing 
trains was kept down to a minimum by the action of 
the fan at the top of the central shaft. 

In order to expedite the work a specially constructed 


work train was used consisting of a number of open, 
cars upon each of which was erected a timber platform of” 


such a height as to make it conveniert for the men work- 
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intended to prevent a re-occurrence of the same 
trouble which so shortened the life of the previous 
cable. Furthermore, the trolley hangers which are 
clamped firmly to this messenger wire are hooked 
over the outside of this braid, the only contact sur- 
face exposed being a small portion of the cable on 
the underside upon which the clamp presses. This 
unique construction detail has been adopted with the 
idea of preventing, if such a thing is possible, a re- 
occurrence of the trouble which was experienced 
with the former cable. In addition to the braid cov- 
ering over the messenger cable a coating of black 
enameled paint has been applied. This paint not only 
has been used to further protect the messenger cable 
but has also been used on the hangers and the trolley 
wires as well. It is hoped, to some extent at least, it 
will eliminate the corrosion which was experienced 
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Peculiar Failure of Copper Messenger Cable. 
Take at the Same Point. 


ing on the catenary and trolley lines. The trolley through 
the tunnel is sectionalized so that either the eastbound 
or westbound track may be killed while the other side 
remains alive. During the reconstruction work the 
work-train occupied one of the tracks, the other track 
being used for traffic in both directions, train move- 
ments being made only upon train orders issued from 
the signal towers at either end of the tunnel. One 
of the cars of the work-train is equipped with a travel- 
ing ground consisting of a piece of iron pipe which is 
grounded to the rail and which travels along on the 
underside of the trolley in the same manner as the 
pantagraph. As a further protection the trolley was also 
grounded at the entrance of the tunnel. 

The new catenary messenger wire or cable differs 
from the original in that it is covered with a single 
braid of impregnated cotton. This cable was supplied 
by the Standard Underground Cable Company and the 
weatherproof braid with which it is surrounded is 


Upper Photograph Shows Top View of Cable and Lower Photograph Shows a Side View 
It Will Be Seen that the Patch Shows Deterioration at the Same Spot as the Cable 


with the first installation. Just how often it will be 
necessary to paint this cable, hangers and trolley 
wires is a matter of conjecture, but if it proves that 
the painting periods are not too frequent it is ob- 
vious that it will be far cheaper than to be obliged to 
renew the entire overhead equipment. 

The secondary objective in the renewal of the 
catenary construction, as has been mentioned be- 
fore, was the raising of the trolley wires so as to ob- 
tain greater clearance between the wires and the 
brake staffs. At some points the trolley wires were 
raised 2 in., at other 4 in. and in a few instances as 
much as 6 in. The determining factor in this part of 
the work is the curvature of the roof of the tunnel, 
for it is obvious that as the trolley wires are raised 
the pantagraph horn will come closer to the rock sur- 
face of the tunnel. In some respect the raising of the 
trolley wire was perhaps the most difficult of all of 
the work done in the renewal of the catenary. The 
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same bracket supports both the live line as well as 
the dead one and greatest care had to be exercised 
when working upon the bracket. The work of raising 
the trolley was accomplished by first removing the 
pin of the secondary insulator, 4, on the dead side of 
the line and then applying a jack at the end of the 
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tically no deterioration has taken place in the bracket 
proper. To all appearances the insulators seem to be 
capable of indefinite service, as it is only occasionally 
that any of them have given trouble. One of the dif- 
ficultes which has to be met in the maintenance of 
the tunnel trolley is the removal of icicles which 
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General Arrangement of Insulators and Brackets for Supporting the Catenary and Trolley Wire 


cross bar B. Although the cross bar B is still held by 
the secondary insulator C on the live side of the line, 
the bar has sufficient flexibility to allow the insulator 
A to be raised 2 in. or more. The collars used for the 
purpose of raising the line are made of cast iron, some 
being 2 in. in height and others 4 in. After the collar 
has been put in place a longer insulator pin is used 
for the secondary insulator 4; the bracket B thus be- 
ing raised 2 in. higher raises the catenary messenger 
cable and the trolley wires the same distance. The 
danger to be guarded against with respect to the 
11,000-volt pressure on the other side of the bracket 
is the case of a faulty insulator on the live side of the 
line. In this case a leaking current may creep across 
through the bracket, thus making alive the parts 
which are to be worked upon. Further protection 
was used in this connection by firmly grounding each 
bracket while the collars and new pins were being 
put into place. The increase in the height of the trol- 
ley wire was first made on one side of the tunnel 
throughout its entire length and then later the same 
methods were applied to the opposite line. 

The final inspection of the tunnel was made on De- 
cember /, after all of the work had been completed. 
It was found on this trip that a number of points 
where the trolley wire had been raised the panta- 
graph came too close to the rock roof of the tunnel 
for safe clearance and these places had to be chippe1 
away. An endeavor has been made to establish a 
minimum of at least 6 in. clearance between the horn 
of the pantagraph and the rock roof of the tunnel in 
all cases. 

The insulators, both main line and secondary, as 
well as the bracket construction which was installed 
in 1911, are Westinghouse equipment. The iron parts 
have been kept well painted, with the result that prac- 


form in great masses on some of the brackets. In 
one of the photographs an inspection car is shown 
upon which the workmen are in the act of removing | 
these icicles from the roof of the tunnel. 

It must be remembered that the Hoosac tunnel was 


Removing Icicle Formation From Suspension Brackets and 


Insulators 


constructed many years ago. If it had been built in 
more recent times it probably would have been a con- 
crete structure many of the difficulties would have been 
eliminated. 


Bridge Construction—Train Leaving Tunnel 


St. Clair Tunnel Operation Most Successful 


Grand Trunk Electrical Installation Still in Good Condition 
After Twelve Years’ Service 


By R. L. Herman 


service on the Grand Trunk in May, 1908, for the 

purpose of hauling freight and passenger trains 
through the St. Clair tunnel, under the St. Clair river, 
connecting Port Huron, Mich., and Sarnia, @ntarior ©! he 
tunnel is a single track tube, 6,032 ft. in length, with ap- 
proaches totaling 5.603 ft. The track enters the tunnel 
from the Michigan portal with a descent of two per cent 
for 1,914 ft., then graduates to 1.5 per cent for 1,718 ft. 
and then takes a two per cent grade for 2,400 ft. to the 
-portal on the Canadian side. The locomotives haul trains 
of 1,000 tons up these two per cent grades at a speed otf 
10 miles per hour. The service rendered by both the 
power plant and the electric locomotive equipment has 
been such that during the entire 12 years of operation, 
delays of even a few minutes have been almost unknown. 
Some delays, due to insulator failure causing short-cir- 
cuits, occurred at first, but this trouble has practically 
been eliminated by changing the design of some of these 
devices. The only trouble since these changes were in- 
troduced has been due to accidental injury. 

There are six locomotive units, each weighing about 
65 tons and mounted on a frame which is non-articulated 
from end to end. None of them have shown any signs 
of weakening. Each locomotive, consisting of two units, 
has a rating of 1,500 hp. and a maximum safe speed of 
30 miles per hour. Each motor is directly connected 
through a single gear and pinion to a pair of 62 in. driv- 
ing wheels. Considering that no quills or springs are 
used to absorb the shocks, the performance of the gears 
and pinions has been exceptionally good. A number of 
the original gears are still in service and in good condi- 
tion after having made 432,000 miles. Some of the pin- 
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ions have made more than 150,000 miles and are still in 
good condition. 


Driving Wheels 


At first, considerable trouble and expense was ex- 
perienced with the wheels due to abnormal flange wear, 
which was caused to a large extent by the rigid wheel- 
base and the great number of curves and switches en- 
countered. The mileage never exceeded 25,000 before 
it was necessary to remove the wheels for turning. In 
July, 1910, W. D. Hall, superintendent of the tunnel, con- 
ceived the idea of an atomizer to spray oil on the wheel 
Hanges by means of compressed air. This is accomplished 
by pressing a button in either of the controllers, one of 
which is at each end of the cab. The oil is applied as 
the locomotive approaches a curve and then only for a 
very short duration of time. The results have been so 
remarkable that the tires of No. 9 pair of wheels of lo- 
comotive No. 2,658 have made a mileage slightly exceed- 
ing 300,000 miles since they were in a lathe. 

It is found that the mixture of oil and air not only 
lubricates the flanges, but cleanses them from grit and 
sand. The lubricators are placed outside on the locomo- 
tive frame; the oil is thinned to suit the temperature con- 
ditions, so that it is sprayed nearly as well in winter as 
in summer. This device alone has naturally brought 
about a very considerable saving in both labor and tires. 
The electric locomotives on this property have been avail- 
able for service more than 90 per cent of the time. 


Pantagraphs, Autotransformers and Switch Groups 


Each unit is equipped with one pneumatically-operated 
pantagraph which is controlled from the engineer’s cab. 
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With a reasonable amount of attention these have given 
very little trouble. Breakages usually occur as a result 
of the shoe catching in some part of the overhead con- 
struction, but such trouble is rare. 

The pantagraphs collect the current from a catenary 
overhead construction, supplemented with a steel con- 
tactor wire on the grades, at 3,300 volts, 25 cycles. The 
same voltage is used direct from the power plant, which 
is located near the portal of the tunnel on the Port Hu- 
ron side. ; 

After the current is collected, it passes to the auto- 
transformer, which is located on one side of the cab. 
During severe electrical storms two of these transformers 
were affected, but repairs were made without removing 
them from the locomotive. The cabs are roomy and all 
of the apparatus in them 1s readily accessible. The switch 
groups are located on the side of the cab opposite the 
transformer. The contacts in the switch groups require 
occasional scraping and the shunts are renewed from 
time to time, but all in all the smallness of the amount 
of burning is remarkable. The valve parts require little 
attention. An air compressor oil is used which does not 
cause gumming of the small parts. 

The controllers are of the locomotive type, with short 
angular movement and the number of accelerating re- 
sistance steps provided give a very smooth acceleration 
without slipping the wheels. The controllers require 
little attention and have given practically no trouble. 


Main Motor and Locomotive Auxiliaries 


The field windings of the main motors have given no 
trouble at all but some armatures have been repaired 
from time to time. The commutators have made more 
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Grand Trunk Power House at Port Huron, 


than 400,000 miles each and up to the present time not 
one has been renewed.’ Arrangements are now under 
way to start renewals, so that no trouble will be met in 
a year or two, due to the necessity of renewing a number 
of commutators at one time. Practically all the motors 
‘have made the same mileage and the wearing parts have 
held up very uniformly. Some of the commutators have 
exceeded 100,000 miles since last being turned and 
slotted. The brush mileage varies between 40,000 and 
60,000 miles. No shunts or caps are used with the 
brushes, but the finger tips are practically the full width 
of the brush. 

The air compressors have given satisfactory results. 
They are equipped with electrically controlled governor 
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synchronizers, which cause both compressors to start and 
stop at the same time for double heading operation of 
the locomotives. The air compressor and blower motors 
have given splendid service. The latter have not re- 
quired repairs to either the stator or rotor windings. 
Only three armatures of the former have been repaired, 
and one of these had the canvas heads renewed only. 
The commutators are cleaned from time to time, but it is 
not necessary to dress them in a lathe. 


Power Plant 


The two main units in the power plant are Westing- 
house three-phase, 25-cycle, 3,300-volt turbo-generators. 
Operating in conjunction with these are two barometric 
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Detroit Edison Substation. This Building is Adjacent to the 
Grand Trunk Railroad Power House 


condensers, two engine-driven exciters, one motor-driven 
exciter and two air pumps. In the turbine room base- 
ment are two engine-driven circulating pumps of the cen- 
trifugal type, one house pump, two engine-driven stoker 
fans, the transformer room, a store-room and a mercury 
arc rectifier. The boiler room contains four water tube 
boilers equipped with underfeed stokers, an independently 
fired superheater, overhead coal bunkers and two feed 
water pumps. 

The insulation of the generator fields gave evidence of 
breaking down after about six years’ operation, at which 
time they were rebuilt with more modern insulation. 
They have given splendid service since that time. The 
stator coils have not given any trouble whatever, although 
frequently subjected to severe strains. 

The motor driven exciter unit has given excellent 
service. It has been in continuous operation, night and 
day, for 12 years with exception of a few minutes each. 
week for inspection and dusting. The commutator of 
the direct-current generator has never been turned or 
dressed since being slotted about 11 years ago. During 
an electrical storm, one or two coils in the motor broke 
down, but were repaired in short order and the set put 
back in service. 

The turbines have given very satisfactory service dur- 
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ing the 12 years. No bearing trouble has been ex- 
perienced. In fact, the oil stone marks on the spindles 
are just about as fresh as when they were made 12 years 
ago. Some of the steel blading has been removed and 
as the small or high pressure blading was not laced it 
has been found advisable to replace the small unlaced 
steel blading with laced bronze blading. The turbines 
take the irregular loading without any noticeable vi- 
bration. 

The condensers and circulating pumps have required 
the ordinary running repairs only. For a short period 
at the. start, the condensers caused a little trouble due to 
the spray nozzles becoming clogged with small fish dur- 
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ing certain seasons, as the water was taken directly from 
the St. Clair river. This was overcome by removing the 
grids from the nozzles, thus permitting the fish to go 
right through with the water. 

The engines of the engine driven circulating pumps 
have received only the ordinary repairs and the pumps 
show practically no sign of wear. In fact the paint with 
which the impellers were originally painted is even now 
quite fresh. 

The boiler feed pumps are of the reciprocating type. 
They have received frequent repacking and renewals of 
parts. Water for sealing the turbine glands and various 
parts is supplied by a house pump-of the reciprocating 
type. In order to avoid trouble, due to loss of vacuum 
on account of failure of the water supply, the discharge 
pipe of the pump is connected with the city supply line, 
but interposed by a check valve. Hence, by maintaining 
a slightly higher pressure at the house pump than that 
of the city line, no water from the city system can pass. 
Should it be necessary to stop the house pump, or should 
it fail, the check valve will open and thus an wuninter- 
rupted supply of water is maintained. This little detail 
in itself is a good precaution which guards against an 
accident that might tie up the system and it is charac- 
teristic of the whole installation. 

The boilers and stokers have given very satisfactory 
results, especially in view of the fact that they have had 
to care for very erratic load conditions. A few tubes 
have been renewed during the 12 years and the furnaces 
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have been repaired from time to time. It is probable that 
it would not have been necessary to have renewed even 
these few tubes if slack coal could have been used at all 
times. On account of the very sudden demands for power 
it is necessary to use high air pressure, so that when 
crushed mine run is used a blow torch effect may be set 
up to such an extent as to result sometimes in the blister- 
ing of tubes. 

Although working under widely fluctuating conditions 
of load, not one retort was burned out and not one re- 
newed in a period of 11 years. At the end of this period 
all the retorts were renewed, because they were worn out 
by the action of the rams and corrosion, where they 
were set in the brickwork at the front end. The boilers 
and stokers have been in 24-hour service since Novem- 
ber, 1901, and during that time have only been out of serv- 
ice for the brief intervals of their regular cleaning and 
inspection periods. 


Trolley Line Construction 


The trolley and messenger wires are supported on steel 
bridges, which are spaced at 250 ft. intervals. The trolley 
wire is suspended from the messenger wire by catenary 
hangers spaced every 13 ft. This type of construction 
has given very satisfactory results. The greatest wear 
was found at points of rigid support. At these points. 
an iron trolley wire was installed beneath the copper, 
and this has given satisfaction, especially where it is not 
exposed to steam locomotive gases with the resultant de- 
terioration. 

Train delays due to line material failures have been so 
few as to make them almost negligible. Especially has 
this been true during the last six or seven years of op- 


Interior View of Locomotive Cab 


eration. During the first few years a few short circuits 
and consequent delays were experienced, due to insulator 
failures, which usually resulted from steam locomotive 
gases causing flashovers. Some failures were expe- 
rienced due to the cracking of insulators, resulting from 
unequal expansion and contraction. These have been 
overcome by installing two insulators in series where lo- 
comotive gases have to be contended with. At first there 
was some insulator trouble in the tunnel due to unequal! 
expansion and contraction, but this difficulty has beem 
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overcome by installing insulating devices of newer de- 
sign. 

Another source of trouble due to short-circuits was 
brought about by birds alighting on the lightning ar- 
rester tips. As it would be a difficult matter to educate 
the birds, perches were provided above the arrester tips 
for the birds’ convenience, and in this manner the trou- 
ble was easily overcome. 


Detroit Edison Service 


Arrangements have been completed with the Detroit 
Edison Company to supply power for the tunnel opera- 
tion. A Westinghouse synchronous motor-generator set 
with a capacity of 2,860 kilowatts has been installed in 
the substation, which stands just north of the power 
house. The motor operates at 4,600 volts, 60 cycles, 
three-phase, and the generator furnishes single-phase, 
25-cycle current at 3,300 volts to the tunnel trolley. The 
trainload reaches a four-to-six-minute peak of about 
2,400 kilowatts. Both the motor and generator sides of 


Electric Locomotive Entering the Tunnel 


the machine have separate exciters at the respective ends 
of the shaft. Both exciters are equipped with automatic 
regulators. The motor exciter regulator takes care of 
the power-factor and the other regulator controls the 
generator voltage. 


Results 


The average cost of maintenance of the electric loco- 
motive equipment, material und labor to December, 1914, 
was 4.514 cents per locomotive-mile, and from December, 
1914, to December, 1919, 7.051 cents. per locomotive- 
mile. 

The fact that the electric locomotive equipment, the 
power plant equipment, and the line material are in 
splendid operating condition today, not only speaks well 
for both the design of the various parts and the quality 
of material used in their construction, but also for the 
maintenance and supervision given them during these 
twelve very successful: years of operation. 
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A Flat Welding Electrode 


T has been proposed by W. W. Palmer, electrical engi- 
neer, Quasi-Arc Weldtrode Company, that a flat elec- 
trode be used in the place of the usual round one. The 
flat electrode, he maintains, will do away with some of 
the manipulations necessary when a round electrode is 
used. For example, when a weld, as shown in Fig. 1, 
is to be made with a round electrode, the welder must 
perform four functions as follows: (1) feed the electrode 
into the arc at the same speed that it is melted; (2) move 
from plate to plate, with regular swing, as from a to b 
to c, etc., in order to fuse both parent members equally ; 
(3) move the arc along the direction of the seam as the 
welding progresses and (4) dip the electrode toward the 
pottom of the V each time it crosses over, in order prop- 
erly to fuse the bottom of the seam. 
With a’ flat electrode the weld is started as shown in 
Fig, 2, The electrode is held in the position shown and 
the arc burns simultaneously completely across the face 
of the ribbon and on both parent plates. The electrode 
is not wiggled from place to place, but is set straight 
into the arc, and the arc is gradually led in the straight 
path shown by the arrow. It is maintained that the arc 
length or distance from the electrode to the work is con- 
stant at all points as the electrode gradually burns to fit 
dar 
This is explained as follows: if, through eccentric mani- 


Fig. 2 


Fig. 1 Fig. 3. 


pulation, or due to irregular surface of the work, the 
electrode should come closer to the work at one point 
than at others, the resistance of the current path at that 
point is reduced and the resultant rush of current at that 
point quickly fuses away the thin electrode and causes it 
to again fit the work. Only two motions are required in 
starting the weld, that of feeding in the electrode as it 
burns off and moving it along the work. 

Where large round electrodes are used, lack of space 
sometimes makes it desirable to use two sizes of elec- 
trodes, the smaller size being used for the first few runs. 
This is held to be unnecessary in the case of the flat elec- 
trodes and it is used as shown in Fig. 3. The rod is 
moved straight down the seam as before, using it first 
in the position a and then b and c respectively. 

It is expected that this type of electrode will soon be 
placed on the market. 


Under the direction of Frederick D. Underwood, 
president of the Erie Railroad, a movement has been 
started to enroll in the American Legion every veteran in 
the employ of the railroad. E. H. Jeffries, formerly of the 
Third Division, in a visit to every State in which the Erie 
operates, will make an effort and seek to line up those 
of the Erie’s 5,000 veterans who are not yet members of 
the Legion. 


Train Entering the City of Mentreal from the Mount Royal Tunnel 


Electrical Operation on the Canadian National 


Amalgamation of Canadian Northern with Government 
Railways Greatly Modifies Original Plans 


HE Canadian Northern Railway System completed 
the electrification of its Montreal terminal in 
May, 1917. The original objective of the com- 
pany was to secure an entrance into the city which at 
that time was only possible by means of a long tunnel 
under Mount Royal. It was planned that the line 
should run down to the harbor on the St. Lawrence 
River and that it should be used for the purpose of carry- 
ing carloads of grain directly to the vessels bound for 
Europe. The subsequent amalgamation of the Canadian 
Northern with the Canadian National system has held 
up this original plan from execution inasmuch as the 
freight traffic has been diverted to the harbor by other 
routes which became available after the consolidation 
was effected. In consequence of these changed condi- 
tions the electrified zone terminates at present at a pas- 
senger station on Lagauchetiere street, and the entire 
operation of the line is confined to passenger service. 

In view of the enormous expense involved in the con- 
struction of the tunnel, which is three and one-third 
miles long, the cost of electrifying the nine-mile terminal 
zone becomes rather insignificant. Considering the 
changed conditions under which the road is now operat- 
ing, as compared with those which were originally in- 
tended, it is evident it would be a long time before the 
traffic through the tunnel would justify the expense in- 
volved in its construction. It is more than likely, how- 
ever, that the tunnel will form the main entrance to a 
joint terminal for all three amalgamated railways as 
soon as the Grand Trunk becomes a part of the system 
and eventually it will be of the utmost importance in 
making a satisfactory terminal in Montreal. 

From an electrical point of view there are a number 
of features, relative to the installation of the work, as 
well as others in connection with the maintenance of 


the system, which are of interest. A portion of the dis- 
tance at the entrance to the tunnel is comprised of two 
separate tubes constructed of concrete walls and roof. 
One of the tubes is shown in one of the illustrations. 
by far the greater portion of the tunnel under Mount 
Koyal, however, is so constructed as to accommodate 
two standard tracks. The first trolley wire installed 
over one of the tracks was put into place by men work- 
ing on flat cars moved by means of a steam locomotive. 
Sulphur fumes and coal smoke from the locomotive 
made the construction work decidedly unpleasant. Upon 
the completion of the first trolley line through the tun- 
nel, however, a pantagraph arrangement projecting from 
the side of an electric locomotive, so as to come in con- 
tact with the wire already installed, was used to supply 
motive power for the construction of the second trolley 
line. 

In view of the fact that the electrified zone at present 
is equipped solely for passenger business, the railroad 
company has assisted and encouraged a land company 
in promoting the growth of the town of Mount Royal, 
located at the western portal of the tunnel. In pursuing 
this plan some seventy-five or more dwelling houses of 
the better class have been constructed during the past 
year, and it is expected that this suburb will develop 
rapidly. The fact that the station of Mount Royal ts 
but 11 minutes distant from the heart of Montreal 
will doubtless be one of the most important reasons why 
this section will become one of the city’s most desirable 
suburbs. 

About three and a half miles further west at Lazard, 
the electric zone terminates so far as the main line is 
concerned. From this point, trains traveling further 
west are coupled to steam locomotives. 

Last October an extension of eight-tenths of a mile 
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was added to the electrified zone between Lazard and 
Cartierville. Cartierville, which lies to the north of 
Lazard, is a town of about 5,000 population and is situ- 
ated on the Des Prairies river. The town is something 
of a summer resort and the comparatively small expense 
of extending the electrified line approximately eight- 
tenths of a mile from Lazard was thought to be justi- 
fied. 

For the most part the operation of the electrical equip- 
ment has been remarkably successful, practically no fail- 
ures having resulted from the time of the installation 
in 1917 until last winter. The winter conditions during 
the winters of 1918 and 1919 were particularly severe 
on electric motors. Singularly enough one motor of 
each of the six locomotives purchased by the company 
failed, due to broken-down insulation and what was at 
first most puzzling was the fact that in each locomotive 
it was always the No. 1 motor that failed. Subsequently, 
it was found that other roads had experienced this same 
trouble under winter conditions and the trouble was 
traced to the fact that the No. 1 motor was exposed to 
the full potential of the line whereas the others were not. 
During the winter weather snow was blown or drawn 
into the motors in such a way that it worked its way 
under the commutator where it melted and eventually 
caused a ground to occur. Although all of the motors 
were more or less affected as a result of this snow con- 
dition, the No. 1 motor was the only one which received 
the full potential of the 2,400 volts from the line and 
therefore the point at which the trouble first became 
manifest. After some study a method was devised to 


A Portion of the Tunnel Near the Entrance 


overcome this trouble. The joint between the inside of 
the commutator and the winding was filled with a 
special tacky varnish which was applied from the in- 
terior and is continually being pressed further in on ac- 
count of centrifugal force. It is also planned to apply 
the same treatment to multiple unit equipments which 
are expected to be put into service in the near future. 
As a further precaution in keeping the snow out of the 
locomotive motors the ventilating fans have been cut out 
of service. This can be readily done without damage 
to the equipment as the motors are seldom heavily 
loaded for long periods and the winter temperature is 
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low enough to cool them without the ventilating fans. 
Six locomotives, weighing 85 tons each, designed for 
a free running speed at 45 miles per hour, constituted 
the original purchase of motive power by the company 
for the operation of the electrified zone. The subsequent 
changes in traffic conditions, however, have been such 
that practically two locomotives are able to handle all 
of the traffic. All of the locomotives have been in serv- 


ice, however, some of them making many more miles 
than the others. The mileage records of the six locomo- 


Swinging Pantagraph Attached to the Side of Electric Locomo- 
tive Made Possible the Installation of the Second Trolley Without 
the Smoke Nuisance of a Steam Locomotive. 


tives between May, 1917, and October, 1920, are as fol- 
lows: 


Locomotive 9100—44,000 miles, 
Locomotive 9101—38,000 mules. 
Locomotive 9102—20,000 miles. 
Locomotive 9103—57,000 miles. 
Locomotive 9104—30,000 miles. 
Locomotive 9105—13,000 miles. 


These records of mileage were taken by two speedom- 
eters, one for each direction, which are placed on each 
locomotive, the readings of the two being added together 
to obtain the total. The estimated cost of maintenance 
of locomotives on a mileage basis over the whole period 
is about seven cents per mile; this includes simply loco- 
motive repairs and labor of three men in repair shop. 
Had the traffic been heavier and more of the equipment 
in service it is reasonable to assume that the maintenance 
cost per mile would have been lower still. 

Although multiple unit car operation was planned 
originally there have been no multiple unit cars in op- 
eration up to the present time. The traffic is entirely 
handled by means of ordinary passenger coaches hauled 
by an electric locomotive. Multiple unit equipments or 
rather motors for multiple unit cars have been purchased 
and are available for installation in cars whenever traffic 
conditions seem to warrant any extension of service, 

The repair shop of the line is located about one-half 


January, 1921 


mile west of Lazard. A small force is employed con- 
sisting of a locomotive repair man, two helpers and on 
occasion part time of a blacksmith from the mechanical 
department. This force has been able to keep the loco- 
motive equipment in first-class repair. The shop is 


comparatively small and the equipment consists of three 
engine lathes, a pipe threader, a shaper, a grinder, hack 
saw and a band saw. 


All of these machine tools are 


Locomotive and Coach Used for Local Passenger Service 


operated from a line shaft with belting driven by a 
15-hp., three-phase, 60-cycle, 550-volt induction motor. 
In addition to these tools a drill press is individually 
driven by a 5-hp. motor, 550-volts, three-phase, 60 
cycles. 

The shop is equipped with a traveling crane of ap- 
proximately 7 tons capacity, having been cut down in 


Interior of Substation at the West Postal 


length from a 5-ton crane. It is used for lifting panta- 
graphs, motors and auxiliary apparatus. There is no 
drop pit at Lazard; whenever it is necessary to remove 
wheels for reflanging, or for any other purpose, the 
locomotive frames must be blocked up with a cribwork 
of timbers. Were this frequently required it would be 
rather an expensive operation, but since the traffic is 
light and two locomotives are sufficient to handle all of 
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it, there is ample time for wheel repairs in the manner 
indicated. 

Until this year no attempt has been made to bond 
any of the track, the splicing bars having been consid- 
ered sufficient to carry the return current back to the 
sub-station. While the rail joints have apparently per- 
formed this function more or less successfully the burn- 
ing off of a water pipe in the vicinity of the sub-station 
at the time a short circuit occurred on the line, gives 
evidence that this manner of handling the return cur- 
rent is not wholly satisfactory. This particular trouble 
is not liable to occur again as each rail joint is now pro- 
tected by a weld bond. 

The pole line used for the suspension of the catenary 
as well as for the transmission system is of wood con- 
struction. Prior to being put into the ground the poles 
were thoroughly treated with creosote and at present 


Type of Catenary and Line Construction Used on the Canadian 
National Electrification at Montreal 


give every indication of long life. In one particular in- 
stance due to the elimination of a curve a number of 
poles were removed after they had been in service for 
about a year and a half and were found to be perfectly 
sound. 

It is estimated that the messenger wires supporting 
the trolley will not require renewal for a number of 
years, possibly not for ten years; the wire is stranded 
gaivanized cable and in general is well adapted to with- 
stand the weather conditions. 

From the sub-station at the west portal to the repair 
shop at Lazard, a distance of about four miles, a three- 
phase, 2,200-volt line is run to supply the necessary 
power for the repair shop. As the power requirements 
of the shop are comparatively small this voltage is more 
economical than the incoming sub-station voltage of 
11,000 would be, although this section of the line is con- 
structed for 11,000-volt operation at any time should 
the occasion arrive for its use. The line is composed 
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of No. 2 stranded copper conductors. The only devia- 
tion from the wood pole line construction occurs in the 
town of Cartierville where, for a distance of about 1,600 
ft. through the town, steel pole construction is used for 
the purpose of presenting a neater appearance. 

The overhead system including pole line construction, 
catenary suspension and trolley wires is maintained by 
three first-class wiremen paid on an hourly basis at the 
rate of 81 cents per hour. In order to facilitate line 
repair work the Canadian National Railways has con- 
structed a most useful and novel tower car. The tower 
is built upon a Reo speed wagon equipped with flanged 
wheels. It consists of three sections, which, when col- 
lapsed, is 12 ft. high and when extended, 22 it. high. 
Necessary tool boxes and carrying cases are included 
with the outfit as well as a revolving platform 4 ft. by 
9 ft. Operating conditions make it desirable to be able 
to run this car in either direction at approximately the 
same speed, which necessitated some modification of the 
driving arrangement. In order to secure approximately 
the same speed backward as forward the driving shaft 
Was cut and a new transmission was installed similar to 
the one already in use, but installed backward. In this 
way, when the gears are in reverse on the front trans- 
mission and in low on the rear transmission it is pos- 
sible to secure a speed backward equal to approximately 
four-fifths of full speed ahead. 

Although the number of failures of strictly electri- 
cal origin have been comparatively few on the electrified 
zone, there has been some trouble experienced with 


flashovers on the commutators of the sub-station gen- 
These have usually been occasioned by short 


erators. 


The Repair Wagon Equipped With Flanged Wheels Runs Forward 
or Backward at About the Same Speed 


circuits on the line occurring at close proximity to the 
sub-station. In order to eliminate any possibility of 
further troubles of this kind a high speed circuit breaker 
built by the General Electric Company has been placed 
in the negative return feeder. 

The arrangement of the various parts of the high speed 
circuit breaker is shown in the diagram on page 29. 
Fr and F2 represent a laminated field structure some- 
thing like that of an ordinary alternating current mag- 
net. The poles of Fr and F2 are bridged by a very light 
armature A pivoted at P and held in contact with the 
poles by a shunt coil Sz energized from any convenient 
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constant voltage source such as the exciter circuit or the 
main bus. A series bucking bar, S2, which electro- 
magnetically trips the breaker is located between the 
poles of the field magnets and in close proximity to the 
armature. Thus the current flowing in the bar produces 
the maximum change in the armature flux, with the 
minimum change in the armature flux interlinking the 
shunt winding Sz. The bucking bar simply shifts the 
flux from the armature to the air path at the right of 
the bucking bar thus causing the armature to release as 
soon as its flux is reduced to a predetermined amount. 

The tension spring attached to the armature gives 


Repair Wagon With Tower Extended 


the high-speed opening of the contacts and also pro- 
vides a means of adjusting the breaker. On account of 
the relatively light armature and the fact that it is not 
necessary to trip any latches to release the breaker, a 
pull of less than 800 Ib. is required of this spring for the 
2,000-ampere capacity breaker. The main contacts Cr 
and C2 are of the solid copper type used so successfully 
on railway contactors. Contact Cz is materially heavier 
than C2 and, when the armature is released, Cr follows 
C2 for a predetermined distance, but at a much lower 
rate of speed, so that Cr and C2 begin to part simulta- 
neously with the beginning of movement of the armature. 

The blowout coil S is in series with the main circuit 
and is designed to give a very intense field of compara- 
tively small area around the main contacts Cr and C2. 
An additional blowout coil, S4, is provided in the auxil- 
iary or arc chute and is automatically cut into the cir- 
cuit during the time the arc is being ruptured. When 
the tips Cr and C2 begin to part, the series coil. S blows 
the arc upward off the tips onto the arcing horns Hz 
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and H2, As the arc moves further upward, it comes 
in contact with ends of the arcing horns H3 and H4, 
between which is connected the blowout coil Sg. This 
mserts the coil in the circuit and divides the arc into two 
parts, one of which is blown upward through the left- 
hand side of the chute between the arcing horns Hr and 
H3 and the other through the right-hand side of the 
chute between the arcing horns H2 and H4. The coil 
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Schematic Diagram of the High Speed Circuit Breaker and Con- 
nections for Installing It in the Negative Side of the Line 


S4 surrounds the iron core /3 to which is connected the 
field pieces F4 and F5 which cover practically the 
entire area of the auxiliary chute. 

Since the installation of this high-speed circuit breaker 
which was made last summer, no further trouble has 
been experienced in flashovers at the commutators. 


The High Cost of Poor Lighting* 
By R. E. Stimpson 


When a factory owner receives a bill from the gas or 
electric company he feels that he has at least one definite 
item on which to base his overhead costs. Moreover, he 
doubtless notes with satisfaction that there has been little 

.if any increase in the service rates during the last five 
years, and is duly thankful that in this age of high cost 
of everything, the prices of the gas and electricity that 
are necessary in his business have remained somewhere 
near the pre-war level. A closer analysis of the various 
factors entering into the overhead cost of production may 
disclose, however, that, owing to circumstances that are 
entirely within his control, he is not getting an adequate 
return for the money expended. A manufacturer should 
not be satisfied with his illumination, nor can he definitely 
ascertain the correct charge for that illumination until he 
has proved conclusively that it is impracticable to increase 
the productive capacity of his plant, or to decrease the 
percentage of spoilage, the damage to apparatus, the in- 
tentional lost time, and the accident rate, by varying the 


*Abstract of a paper prepared for presentation before the Fourteenth 
Annual Convention of the Illuminating Engineering Society, October 4 to 
7, 1920, Cleveland, Ohio. 
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intensity levels or making other changes in his lighting 
System. 

It is not the purpose to discuss all these factors at this 
time. At present our attention is to be directed to the 
last item—namely, to the influence of lighting upon the 
accident rate, and the consequent bearing of the accident 
rate upon the lighting bill. 

It has been definitely established that ten years ago 
approximately 24 per cent of our industrial accidents 
were caused by poor lighting. In the intervening decade 
much progress has been made in the art of illumination 
and in promoting the safety of workers, with the result 
that this percentage has been considerably reduced. The 
safety-first idea was brought forth, and its influence is 
now evident over the entire country. This safety move- 
ment has wrought such a change in the physical safe- 
guarding of industrial hazards that, whereas, ten years 
ago, accidents occurred in thousands of places where 
neither guards nor lights were provided, to-day most of 
these places are guarded so that the presence or absence 
of light has a relatively small bearing. The last ten 
years have seen marked progress in the development and 
use of artificial light-sources, greater attention given to 
the design and construction of factory buildings in order 
to secure a maximum amount of natural light, and the 
gradual introduction of factory lighting codes. The gen- 
eral dissemination of information on lighting questions 
by various interested organizations during this period has 
also produced beneficial results, and the larger insurance 
carriers have played a by no means unimportant part in 
this work, because a successful compensation insurance 
carrier must continually study the causes of accidents 
and devise methods for preventing them. As preventive 
measures are evolved the insurance carriers take steps 
to see that these are adopted and put in force by their 
policy holders, so that in the lighting field the insurance 
companies are continually doing missionary work. 

A complete survey of accident reports for the past 
year, such as was made for the year 1910, has not been 
made ; but a rather limited observation of reports, coupled 
with personal investigation and study, leads to the con- 
clusion that at the present time approximately 15 per cent 
of our industrial accidents may be attributed to improper 
illumination. Even a cursory study of the subject will 
reveal the fact that of late years only a minor percentage 
of what we may term lighting accidents are due to insuf- 
ficient illumination. We find, instead, that accidents that 
may be charged to faulty illumination are mostly caused 
(1) by continued eye-strain with its general detrimental 
effect on our physical well-being (and this is recognized 
as a distinct moral hazard), (2) by sporadic but more 
acute eye-strain, and (3) by glare—all brought about by 
improper use of light-sources. From this we may fairly 
conclude that the increase in the knowledge of the gen- 
eral public concerning proper illumination has by no 
means kept pace with the development of the art. It is 
highly desirable, therefore, to pay greater and more 
specific attention to the problem of the proper use of 
light-sources, as well as to the question of raising in- 
tensity standards. 

There is a fairly close agreement among various 1n- 
vestigators to the effect that there are each year more 
than two million non-fatal industrial accidents causing 
loss of time. According to the standard accident-severity 
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table, 95 per cent. of these accidents would be classed as 
temporary total-disability cases, causing an average time 
loss equivalent to two and one-half weeks per accident. 
One-tenth of one per cent, would be classed as perma- 
nent total-disability cases, with an equivalent time loss of 
850 weeks per accident. The remainder would be con- 
sidered permanent partial disability cases, with equivalent 
time loss of 190 weeks per accident. Conservative esti- 
mates of fatal accidents place the number at 25,000 an- 
nually, with an equivalent time loss in excess of 850 weeks 
per accident. 

It might be well to say that, for the purpose of facili- 
tating calculations of this sort, in which injuries of sev- 
eral types are involved, it is customary to reduce all the 
data to a single basis—and it is most convenient to adopt, 
as this basis, the loss of time that would be financially 
equivalent to each type of casualty. We say, for exam- 
ple, that a fatal accident is equivalent, on an average, to 
a time loss of 850 weeks—meaning thereby that the total 
cost, in money, would be the same, whether the man lost 
850 weeks or were killed. And please note that the sig- 
nificance of these figures lies in the fact that they repre- 
sent sums of money that must be paid owt, in some way 
or other—indirectly, if not directly—and mainly by the 
employer. 

Our conception of the total economic loss that the fore- 
going figures involve will depend largely upon the unit- 
costs with which they are associated. If we conservatively 
estimate $20 as the average weekly wage, and assume that 
$20 per week are needed in addition to cover medical 
attendance, hospital charges, loss in production, insur- 
ance, and the various other items that enter into the cost 
of an accident, we find the total annual cost, in round 
figures, approximates $2,000,000,000—the part charge- 
able to poor lighting therefore being about $300,000,000. 
This is a sum in excess of our yearly industrial-lighting 
bill, and hence we see that the misuse and inadequate use 
of lighting facilities in industry cost more than the-light 
itself. . 
Although we are accustomed to-day to think and talk 
in millions and billions, most of us can still grasp the 
essentials of a discussion based upon hundreds and thou- 
sands. It may be of interest, therefore, to consider the 
lighting bill as rendered by the utility company to a 
typical plant and see how this bill is affected by the acci- 
dent-factor. To do this, we must make certain assump- 
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tions, but these can be realized in fact in any industrial 
center. The factory, we will say, has 1,000 employees 
earning an average of $40 per week each, the annual pay- 
roll therefore being $2,080,000. An average of 100 watts 
for lighting is allowed for each workman, but there are 
many faults in the installation—such as lack of reflectors, 
poor distribution, glare, and specular reflection. Assum- 
ing that the lamps are burned three hours per day, during 
a year of 300 working days, and that a rate of five cents 
per kilowatt hour is charged, the lighting bill will be 
$4,500 per year, which will be an average of $375 per 
month. 

Compensation insurance premiums are based on the 
amount of the payroll, and the rate is determined by the 
accident experience of a given industry, modified by the 
experience of the particular plant under consideration. 
With a rate of one per cent, the premium in the case under 
consideration would be $20,800. The insurance carrier 
might pay the claims resulting from two accidents per 
month (on an average), and meet their own overhead 
costs, and still have a slight margin of profit. An expe- 
rience of three accidents per month, one-third of them 
due to poor lighting (a not unlikely event) would leave 
the insurance carrier no option but to increase the rate by 
50 per cent. The premium would then be $31,200—an in- 
crease of $10,400, or an average of $866 per month. We 
see, then, that the factory owner, in this example, is pay- 
ing the utility company $375 per month for illumination, 
and the insurance carrier $866 per month (or nearly two 
and one-half times as much), because that illumination 
is not sufficient to permit his employees to work in safety. 
The cost of his illumination is therefore increased to 
$1,241 per month on account of this one item and the 
extravagance of the plan is readily apparent. 

This $866 per month does not serve a progressive pur- 
pose. At best it merely assists in restoring that which 
our misuse of a modern convenience has damaged—that 
is to say, an injured worker. If part or all of this sum 
could be devoted to eliminating the cause of the accidents 
by improving the illumination, the workmen would he 
benefited through the safer working conditions, the owner 
would be reasonably certain to increase his production, 
decrease his spoilage, and have a steady working force, 
the central station would increase its revenue, and the in- 
surance carrier would not be under the necessity of in- 
creasing its premium rate. 
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Electric Locomotives Are Used to Haul Trains Over the Most Rugged P rofiles of the St, Paul 


Log of a Continuous 440-Mile Locomotive Run 


Two Crews and One Locomotive Take a Through Passenger Train 


T seemed that I had scarcely fallen asleep in my room at 


Over Two Electrified Divisions 


By Alexander McIver* 


almost inaccessible except immediately along the railroad 


the Hotel Idaho at Avery, when the sharp knock of the and the river. Forest fires have played havoc, but some 


call boy aroused me at 1:30 a. m. 
16 was ontime. After hurrying 
down to the railway restau- 
rant, | swallowed enough cof- 
fee to get me_ thoroughly 
awakened, meanwhile being 
entertained by the conversa- 
tion of a brakeman who had 
just come in from a run over 
the Bitter Root Mountains. I 
then started down the track 
toward the round house, about 
one-half mile away. 

The town of Avery, the 
western terminus of the elec- - 
trified section of the Chicago, 
Milwaukee & St Paul, lies in 
the narrow canyon of the St. 
Joe River, at the foot of the 
Bitter Root Mountains. Close- 
ly hemmed in by timbered 
peaks and ridges, there is 
just room enough for the 
town, the railroad and the 
river. In the moonlight, the 


scene reflected the wild character of the surrounding 
region, which, beyond the narrow limits of the town is 


I was told that No. 


If you were now to take a trip 
over the electrified section of the 
C. M. & St. P., you would be im- 
pressed by the engineering feats 
accomplished in building and elec- 
trifying this part of the road, by 
the manner in which trains are 
handled and by the country 
through which you travel. 

This article is an abstract of 
the impressions of an electrical 
engineer, with a knowledge of 
railroading and incidentally an 
eye for beauty, who rode in the 
cab of one of the Westinghouse 
locomotives as it was used to haul 
the “Olympian” from Avery, 
Idaho, to Harlowton, Montana. 


*Special representative, Westinghouse Electric & Manufacturing Company. 
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of the mountains are still thickly timbered with pines and 


undergrowth. 

I arrived at the round house 
about forty minutes before No. 
16 was due, just a little behind 
the engineer and the fireman. 
The locomotive to be taken out 
was No. 10301, which had 
come in with No. 17, The Co- 
lumbian, only six hours before. 
A light inspection had been 
made by the night roundhouse 
force of two men assigned to 
this duty. The oil and water 
tanks for the train heating 
boiler had been filled. Within 
twenty minutes from the time 
we arrived the locomotive had 
been energized and made 
ready, and the engineer at the 
controller then proceeded to 
the station siding about fifteen 
minutes before our train was 
due. 

Very soon the red light of 


the signal, followed by the glare of the headlight, told of 
the approach of the Olympian. As the train rounded the 
curve, about half a mile distant, the sharply punctuated 
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crack of the exhaust, echoing through the canyon, was 
ample proof that the powerful F4 Pacific type passenger 
engine was doing her best to bring the train in on time.. 
It had brought the train the one hundred and four miles 
from the last division point at Othello. The puffing con- 
tinued to the last or until the train had come to a stop. 

No. 16, the east bound Olympian, our train, had left 
Seattle at 9:45 the day before on its scheduled trip to 
Chicago, about 2,200 miles distant. It was now nearly 
sixteen hours on its way, having come 415 miles. The 
train, which is one of the best equipped in the country, 
consists of ten all-steel cars, including mail and baggage 
cars, two day coaches, two tourist sleepers, a diner, two 
standard sleepers and an observation club car. The 
weight of this train is about 725 tons. 

The steam engine having been uncoupled and taken 
away, the electric engine was backed down and coupled 
up by the carmen, who made the connections for the air- 
brake, steam line and signal and also for the train light- 
ing. The train lighting was then transferred from the 
turbine-driven generator on the baggage car to the motor 
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The current indicated by the ammeter had not exceeded 
350 amperes per motor group. 

Having left the St. Joe River and turned up into a 
canyon on the left, we were now on the 1.7 per cent grade 
which extends to Roland at the west portal of the Taft 
tunnel, a distance of twenty-one miles. Between Avery 
and Haugan, a distance of thirty-eight miles, there are 
ninety-one 10 deg. curves and seventy lesser curves, all of 
which are compensated to the 1.7 per cent grade; there 
are eighteen tunnels, and also several trestles for crossing 
the various narrow canyons. The trestles are heavy, all 
steel structures, with concrete buttresses. The roadway 
between Avery and Haugan is a marvel of engineering 
skill, of which the railway company is justly proud. 

The scenery, distinctive of the Bitter Root region, is 
wonderful. It is a wilderness of mountains, apparently 


thrown together in a jumbled mass. The sharp, massive 
peaks, viewed by the moonlight, their sides swept by the 
rays of the headlight, were even more impressive than 
by day. From one point near the top, we could see the 
track over which we had passed ten miles back, now only 
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Profile of the Missoula and Rocky Mountain Electrified Divisions 


generator on the electric locomotive, and the resistances 
on the lighting panel were adjusted to give the proper 
voltage for train lights and for charging the car batteries. 
Everything was now in readiness for the electric loco- 
motive to start with the Olympian on its journey of four 
hundred and forty miles to Harlowton, across three 
mountain ranges, including the Continental Divide. The 
fireman, who had been leaning out of the cab window to 
watch for the conductor’s signal, called “High-ball,” and 
almost immediately the train began to move, quietly, 
smoothly, almost imperceptibly. Just as the train started 
the ammeter indicated 325 amperes, which corresponds to 
a tractive effort of 51,900 pounds. Within 10 seconds from 
the start the lever had been moved out to the seventeenth 
notch, the current not having exceeded 350 amperes. 
After changing over to the second motor combination 
and moving the control lever to the fourteenth notch, 
“Engineer Sam Winn made the running air test, then 
changed over to the third motor combination and again 
pulled the lever out to the fourteenth notch. The 
transitions between motor combinations were made with- 
out perceptible jar to the train. From the time the train 
was started until the lever was on the fourteenth notch, 
third combination, just two and one-half minutes had 
elapsed, the air test having consumed a part of the time. 


a little more than a mile away, across the canyon, and 
eight hundred feet below. 

With the wide range of operating speeds available 
with this type of locomotive, the schedule running time 
was easily made, and with perfect control on curves; not 
once did the engineer resort to running on resistance® 
points. The second and third motor combinations were 
both-used and all three running speeds of each, the con- 


‘trol lever being placed on the fourteenth, fifteenth or 


seventeenth notches, respectively, to give full field speed, 
first shunt speed or second shunt speed, as required in 
each combination. 

We passed Roland, the summit of the 1.7 per cent 
gerade, on the boundary line between Idaho and Montana, 
and entered the Taft tunnel. This tunnel is almost 10,000 
feet in length and perfectly straight. Only the short 
curved snowsheds at the ends prevent a clear view 
through from one end to the other. It is a spacious, con- 
crete-lined tunnel and the air is perfectly clear. During 
steam operation this tunnel presented a considerable 
problem with gas and steam from the locomotives. 

We stopped at East Portal in order to make the air- 
brake test before starting down the 1.7 per cent grade to 
Haugan. The wattmeter at this point indicated that 
1,980 kw.hr. had been consumed in climbing the grade. 
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The control lever was now pulled out to the fourth 
notch and then thrown off as soon as the train began to 
move freely down the grade. When the speed had 
reached 20 m.p.h., the regenerative lever having been 
thrown and the second motor combination having been 
established, the control lever was moved to the first 
notch and then promptly pulled out to the sixteenth. 
The speed gradually increased to 22 m.p.h., where it 
remained constant. At intervals, however, the speed was 
decreased at curves by moving the control lever to the 
fifteenth notch and increased on tangents by moving to 
the seventeenth. At 22 m.p.h., which speed was main- 
tained for some distance, the field current was 280 
amperes and the line current 290 amperes. At a speed 
of 30 m.p.h. the line current was 390 amperes and the 
field current 167 amperes. During regeneration the volt- 
meter indicated 3,200 volts on the line. 

Shortly after leaving East Portal we could see, in the 
canyon below, the lights of Taft, a station on the Northern 
Pacific. It is not much of a town now, but during the 
days of railway and tunnel construction it was a lively 
place, with its thirty-eight saloons and twenty-seven eat- 
ing houses. We arrived at Saltese, eight miles from East 
Portal, on time; we stopped and took siding here for 
No. 15, the west bound Olympian, locomotive No. 10304, 


Along the St. Paul Right of Way on the Eastern Slope of the 
Bitter Roots 


also on time. Here we intersected the old Mullan Trail, 
now called the Yellowstone Trail, which we were to fol- 
low pretty closely for a distance of 292 miles. After 
leaving Saltese, three minutes late on account of the meet 
with No. 15, regeneration in the second motor combina- 
tion was again used for about four miles. For the 
remaining 114 miles to Haugan the train was allowed to 
coast, attaining a speed of 50 m.p.h., thereby arriving at 
Haugan on time. 

Haugan, at the bottom of the 1.7 per cent grade, is the 
helper station for freight trains between this point and 
Avery. The watt meter here indicated that 350 kw.hr. had 
been returned to the line by regeneration since leaving 
East Portal. Between Haugan and St. Regis, a distance 
of 19.2 miles, there is a drop of 470 feet; the maximum 
descending grade being 1 per cent. After accelerating to 
a speed of 35 m.p.h., regeneration in the third combina- 
tion was used, the manipulation of the control being the 
same as described above. A speed of 45 to 50 m.p.h. 
Was maintained for some distance, being reduced slightly 
for curves by the regenerative control. 

From Haugan the scenery changes; we enter a beau- 
tiful canyon which we follow to St. Regis. Here we 
cross the St. Regis River, called Clark Fork further 
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down, one of the forks of the Columbia. At Thompson’s 
Falls, a few miles below, there is the 40,000 hp. hydro- 
electric development of the Montana Power Company, 
which is connected up with the general system supplying 
power for operating the electric locomotives. St. Regis 
is the lowest point on the electrified system excepting 
Avery. The elevation above sea level here is 2,680 feet. 
We had dropped down 1,483 feet since leaving Fast 
Portal. From St. Regis the road follows the river for 
about 190 miles to the headwaters near Butte and 
Anaconda. The name of the river changes several times, 
being later called the Missoula, Hell Gate, the Deer 
Lodge and then Silver Bow. For several miles above 
St. Regis the river winds through a deep gorgx. 

The distance between St: Regis and Butte is 195 miles. 
The rise in elevation is 2,858 feet. The grade ranges 
from .2 per cent to .4 per cent to within a few miles of 
Butte, where it becomes .6 per cent. The curves are all 
easy, a speed of 50 m.p.h. being allowable except for a 
short stretch in Silver Bow Canyon near Butte. 

We stopped at Superior on flag signal. Our next stop 
was Alberton, 100.5 miles from Avery. This was the old 
division point in steam days. The roundhouse is now 
completely torn down, nothing much being left to mark 
the spot except the abandoned coal dock and the old turn- 
table pit now used for a swimming hole. There is a rail- 
way restaurant in the station, and a five-minute stop is 
made for luncheon. 

Day was beginning to break as we entered the wide, 
fertile section of the Missoula Valley. This valley was. 
settled a great many years ago by French-Canadians, who 
have since grown rich on their big ranches. Frenchtown 
is an interesting and attractive looking place. To the 
right, just before we get to Missoula, we could see the 
wide valley of the Bitter Root stretching toward the 
south, with high snow-covered mountains for many miles 
on either side. This valley is one of the richest fruit 
growing and agricultural sections of the state. It was 
down this valley to this point that the Lewis and Clark 
expedition came 115 years ago, after crossing the divide 
from the Big Hole basin. From here they turned south- 
west to cross the Bitter Root Mountains, on their way to 
the Columbia River and the Pacific Coast. 

At the junction of the Bitter Root and Missoula valleys 
lies Missoula, the metropolis of the section, a beautiful 
and prosperous city with a population of 15,000. 

3etween Missoula and Deer Lodge, a distance of 80 
miles, there are no scheduled stops. The climb to Deer 
Lodge is 1,330 feet. The running time is two hours and 
six minutes. The roadway follows the river up the 
narrow Hell Gate Canyon. At Gold Creek we were 
reminded by a monument that in the creek which bears 
the name gold was first discovered in Montana about 
sixty years ago. A little further on we passed the point, 
marked by a sign, where the last spike was driven in 1909, 
completing the road between the East and West. After 
passing through Garrison tunnel we entered the Deer 
Lodge Valley, which expands to a width of ten miles 
or more for a distance of thirty-five miles. 

A few miles further on we came to Deer Lodge, the 
end of the Missoula Division, where crews are changed. 
When necessary for inspection, the locomotive is also 
changed, as the shops of the electrified district are located 
at this point. Regular inspections are made on a 5,000- 
mile basis. Our locomotive was not due for inspection, 
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and Engineer Winn had reported from Alberton that it 
was “O. K.” to go through. All that was necessary was 
to replenish the water storage tanks for the train heating 
boiler. The oil storage capacity of 750 gallons is more 
than ample for the through trip, but the water capacity 
of 3,500 gallons is not sufficient in cold weather. The 
water tanks are readily filled during the ten minutes’ stop 
by means of hose and pipe lines at points where locomo- 
tives make the station stops. 

Wattmeter readings at this point indicated that 6,690 
kw.hr. had been consumed between Avery and Deer 
Lodge, and that 360 kw.hr. had been returned to the line 
by regeneration. 

The Olympian, with Engineer Barnes now at the con- 
troller left Deer Lodge on time at 9.25 a.m. The run- 
ning air test, which is required on all trains leaving Deer 
Lodge, was made after the train was up to a fair speed 
in the 3rd combination. 

About one-half mile out we passed the railroad shops 

and freight yards on the right. On the left just across 
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comes into view. This stack towers 585 feet above its 
foundation on top of the slope where the reduction works 
are located. A little further on we could see, not far from 
the railroad, a series of long dams, and big settling pools 
for saving the copper held in suspension, which otherwise 
would be carried down the Deer Lodge River. 

We suddenly left the valley and wound through the 
picturesque Silver Bow Canyon, four or five miles in 
length. Through the same narrow canyon there are the 
tracks of the Northern Pacific and the Butte, Anaconda & 
Pacific Railways, the latter road also being electrified. 
Coming out on to the flats we had a straight run for 
several miles. This brought us to the arena of some of 
the biggest mining activities in the world, where back in 
the ’60’s, gold was first mined, then silver and then cop- 
per. Since 1882, when railway connections were first 
established, copper mining has been the principal industry. 
From this district more than eight billion pounds of cop- 
per have been taken. At present, more than cne million 
pounds net, per day, can be produced. Considerable gold 


The Missoula Gorge On the St. Paul Near Missoula, Montana 


the river are the walls and buildings of the Montana State 
Prison. Then on the right we get the full view of Mt. 
Powell rising majestically nearly 6,000 feet above Deer 
Lodge Valley; in the distance at the other end of the val- 
ley, thirty miles away, the lofty, precipitous Cable Range. 

But Deer Lodge is a place much too interesting to leave 
behind without some further mention. One of the oldest 
towns in the state, it played an important and dramatic 
part in the early history and development of this section. 
It was the scene, or center, of thrilling adventures in 
early days, about which old timers, who are still hale and 
hearty, tell stirring tales. Located in the heart of a rich 
and extensive ranching section, Deer Lodge is a thriving 
and up-to-date little city of four thousand, with fine new 
public buildings and beautiful homes. 

Our next scheduled stop was Butte, 40.5 miles south of 
Deer Lodge. Butte is 1,018 feet higher in elevation than 
Deer Lodge; the scheduled running time from Deer 
Lodge is one hour and twenty minutes. A few miles out 
the big stack of the Anaconda Copper Reduction Works 


and silver are obtained with the copper. The zinc mines 
of the district are also becoming important. Butte, with 
a population of 50,000 or more, is supported entirely by 
the mines; while Anaconda, with its 15,000, depends 
entirely on the reduction works. 

We went beyond the “Y” at Butte and backed into the 
station, a handsome building recently erected. The sched- 
ule stop here is ten minutes. 

Leaving Butte on schedule at 10.55 a. m., we headed 
out over the “Y,” stopped to close the switch and then 
passed through the Butte Yards, across Montana street, 
where there is a grade crossing with the city street car 
line, both lines having long overhead dead sections. The 
locomotive spanned this section by raising both panta- 
graphs. At Newcomb, seven miles from Butte, we 
stopped five minutes for an air-brake test and inspection. 
We then started up the 1.65 per cent grade of the Conti- 
nental Divide, the summit of which is ten miles away. 
On starting here, the controller was brought up to the 
17th notch, 3rd combination, within 114 minutes with a 
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maximum accelerating current of 375 amperes. This was 
as difficult a place to start as any on our trip and it is 
noteworthy that the starting and accelerating current was 
only 66 per cent of the maximum current which can be 
used before wheel slipping will occur, when sand is 
applied. 

At Janney we took siding to meet train No. 17, the 
West-bound Columbian. Near the top I looked back for 
a view of Butte, but there was too much smoke. At night, 
from this and other points on the grade, the lights of 
Butte can be seen, thousands of them, brilliant and twink- 
ling, in a compact group, on the opposite slope of the val- 
ley, seven or eight miles away and several hundred feet 
lower. 

At Penfield we were delayed seven minutes, having to 
stop while a freight train of 100 cars, handled by two 
electric locomotives, “sawed by,” through the passing 
track. We then entered the Pipestone Pass Tunnel, just 
above which the Yellowstone Trail crosses the divide. At 
the east end of the tunnel a sign marks the Continental 
Divide, at an elevation of 6,322 feet. At Donald, one-half 
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below. As the view expands we get it full in all its beauty 
and grandeur. ‘The valley here is five miles wide and the 
mountains on the other side, high and steep, with snow- 
capped peaks rise abruptly from the level. The valley 
extends for many miles up the Jefferson River and its 
tributaries through a region made famous by gulches 
fabulously rich in gold, by road-agents and by the Vigil- 
antes. The Vigilante Trail of early days, now a Park to 
Park highway, passes through this valley. Here the 
Lewis and Clark Expedition passed southwest to the Big 
Hole basin where they crossed the divide to go down the 
Bitter Root Valley. 

Beyond Cedric we passed around the horsehoe curve. 
From Vendome the road is perfectly straight to Piedmont 
5.5 miles away. The ruling grade is 2 per cent with two 
intermediate flat stretches. 

As we passed the substation about one mile beyond 
Piedmont, the watt meter indicated that 1,110 kw.hr. had 
been returned to the line by regeneration between Donald 
and this point. 

From Piedmont to Lombard, a distance of 53 miles, the 


The Olympian Leaving the 


mile farther on, we stopped five minutes to make the air 
brake test. Wattmeter readings here indicated a total of 
2,610 kw.hr. consumed since leaving Deer Lodge. 

The brakes having been released, just enough power 
was applied to get the train promptly under way. The 
regenerative lever having been thrown and the 2nd motor 
combination established, the speed was allowed to increase 
to 20 m.p.h. when the control lever was moved to the Ist 
notch and then promptly out to the 16th. Two move- 
ments of the lever to the 15th notch and back to the 16th 
gave the desired speed, which was maintained all the way 
down the 20 miles of the 2 per cent grade without further 
manipulation, except at the two slight “dips” near the 
bottom where the field was slightly weakened to main- 
tain the speed. 

The scenery here is very impressive, as one might 
expect to find in crossing the Continental Divide, but for 
about seven miles our view was confined to the nearby 
landscape. Just east of Grace station we get a view of 
the country beyond and the Ruby Valley, a thousand feet 


Station at Butte, Montana 

descending grade is .3 per cent maximum. Shortly after 
leaving Piedmont we crossed the Jefferson River, which 
we followed to Three Forks. For about eight miles 
between Jefferson Island and Alcazar we passed through 
the beautiful Jefferson Canyon. This river and canyon 
were explored by Lewis and Clark and were described by 
them in much detail. In the canyon section not far from 
the river, there is a huge cavern only slightly explored as 
yet, but probably rivaling the Mammoth Cave. It has 
been named the Lewis and Clark Cavern and dedicated 
by Congress as a national monument. 

Three Forks, the next stop, was an old division point 
where steam locomotives were changed. There is a rail- 
way restaurant here and a five-minute stop is made for 
luncheon. 

Soon after leaving Three Forks, Engineer Barnes called 
our attention to the source of the Missouri Rive. from 
which the town gets its name. Here we could see the 
junction of the three rivers, the Jefferson, the Madison 
and the Gallatin, the Gallatin coming in a little below the 
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junction of the other two. These rivers were named by 
Lewis and Clark, who made camp on the clevated ground 
at the junction. It was here they made their headquarters 
during trips of exploration around this region. The ele- 
vation above sea level at this point is 4030 feet. By the 
route of the river it is several thousand miles to the outlet 
in the Gulf of Mexico. 

From its source we follow the river, which flows 
through gorge after gorge, further down furnishing the 
power for the operation of the Milwaukee trains, for 
mining operations and for lighting and various industrial 
purposes throughout the western half of Montana. ‘The 
capacity of the various Hydro-Electric Developments in 
this state aggregates 219,000 hp., with a possible develop- 
ment of nearly 3,000,000 hp. 

We crossed the Missouri at Lombard, sixteen miles 
from its source and just below the outlet of Sixteen Mile 
Creek. We stopped at Lombard station, where there is 
some exchange of traffic with the Northern Pacific which 
follows the river, passing under the Milwaukee bridge. 

From Lombard to Loweth, the summit of the Belt 
Range Mountains, 49.5 miles distant, there is a steady 
climb, the difference in ¢lev ation being 1800 feet. Between 
Lombard and Ringling, 36.2 miles distant, the maximum 
grade is 1 per cent, the average grade ./ per cent. Be- 
tween Ringling and Loweth the grade is 1 per cent. 

The track at Lombard station is curved and the start- 
ing of a heavy train is not easy. After a four-minute 
stop, we were under way and up to the 17th notch, 3rd 
combination, in less than two minutes with a maximum 
accelerating current of 375 amperes. From here to Har- 
lowton the roadway follows the general course of the old 
Montana or “Jawbone” railroad. As soon as we left 
Lombard we entered the first section of the narrow ca.1- 
yon of Sixteen Mile Creek and windixg through its nar- 
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not on our schedule, thereby losing four minutes; pro- 
ceeding to Ringling we made a four-minute stop there. 
The watt meter there indicated that 4,890 kw.hr. had been 
consumed since leaving Deer Lodge. 

From Ringling to Loweth, a distance o:i 13.3 miles, the 
grade is 1 per cent. On starting, the control lever was 
brought to the 17th notch, 3rd combination, within sixty- 
five seconds from the start, the maximum accelerating 
current being 375 amperes. On the way up the grade the 
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average speed was 35 m.p.h., current per motor circuit 
245 amperes, the line voltage being 2800. 

At Loweth we crossed the Belt Range Mountains at an 
altitude of 5788 feet. Here we made a five minute stop 
for inspection and test of the air brakes before starting 
down the steep grade to Bruno. The wattmeter here indi- 
cated that 590 kw.hr. had been consumed between Ring- 
ling and Loweth. 

From Loweth to Bruno, 4.2 miles, the descending grade 
is 2 per cent; from Bruno to Lennep, 5.6 miles, 1.35 per 
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Watt Hour Meter Readings 
1 ! ; Ruling i j 
M ‘ Tim x : 
Lecation Tiles Eley c Grade enn Motoring | Regeneration 

K.W.H. K.W.H. K.W.H. 
JN VELY |. Srdis. 2 sees nero cee ce otro ke ta ee ot eee tana Mae 2,495 ASA Oaet | eck cree 7,429 606,200 279,700 
Hast Portal ..eeonm ae eee een een 23.7 4,163 Stout +1.7% 7,433 608,180 279,700 
Haugan’ 4.2.0 ne eee ee ere arte cae aroreneiint 37.8 3,150 4:34 —1.7% 7,435 €08,290 280,060 
St.. Regis: 2% Scere ter tetas a eee orien arrestee Sa 2,680 Selo — 8% 7,438 608,430 280,060 
Alberton i... dicvc peony oetva mae easier etaeldle 100.5 3,040 6:20 + 4% 7,441 609,730 280,060 
Deer: Lodger. «sc eiauaetase cet kerepiatneor kone 211.2 4,520 9:25 + .4% 7,452 612,890 280,060 
Butte: suc Sine oe chersccrerm anette mtaeh one oper eee eRe nensmereneners 251.8 5,538 10:55 +1.08% 7,455 614,430 280,060 
Newcomb: cd ie ccs caonteteee cites ree eee ne rere 258.8 5,617 11:16 + 9% roe aire 614,690 280,060 
Dotial d acc disnasareiene.photioyetenacnoeee cata mien et ae oeaercasctede 269.1 6,322 11:47 + 1.66% 615,500 280,070 
PiedniOnt ered vies apa anedantnanetheleouee els Meee etn cheno eR mero 289.8 4,357 12:35 p.m —2% 615,500 281,170 
“Thiee| Botks: canis ot ciecascre a cusvep atte oan toe are haters 324.3 4,066 1:35 — 3% 615.750 281,170 
Lombard oo ci crewttints.c sos ens ere ss cee rorenn suai ames teri Bees 343.7 3,987 2:05 — 38% 616,030 281,170 
[POM dil So domonAaa onda sod Cano OOD Od U0.d AgQanowns 393.2 5,788 3:58 +1% Rees 618,370 281,170 
lar lowto mrs 6 « sis-stensust iw caretncny are ceteneaeates eae emeneveaeietes 438.6 4,163 D256 295 7,481 618,430 281,470 

TWOtal Bese pero stonsiconace: Baye eeieneioushok suekvone rate caonotses 438.6 14 hrs. 45 a me tureate se G1) SNAG I alls 12,230 K.W.H.| 1,770 K.W.H. 


row gorge for four or five miles we emerged into a wide 
valley and then, eight or ten miles further on, we entered 
the second gorge. 

The wonderful scenery in this canyon changes so com- 
pletely with every turn, there is such great variety in the 
shapes and formations of the cliffs and rocks which form 
its walls, that from a moving train it is impossible to take 
in all of its exquisite beauty. First on one side and then 
on the other we see the creek celebrated for its trout and, 
along its tortuous course, the abandoned roadbed of the 
old “Jawbone.” On the Milwaukee road in this canyon 
section there are eight tunnels. 

At Maudlow and at Sixteen we made stops which were 


cent; from Lennep to Two Dot, 23.5 miles, 1 per cent, 
and from Two Dot to Harlowton, 12 miles, it ranges 
from .8 per cent to .6 per cent. 

After the air brake test, power was used long enough 


to start the train and when the speed had increased to 23 © 


m.p-h. the motors being in the 2nd combination, the regen- 
erative lever was thrown and the control lever brought 
up to the 16th notch. Then, with one movement of the 
lever to the 17th notch, the speed was brought to 27 
m.p.h., remaining constant down the steepest part of the 
grade to Bruno, where the field was weakened another 
notch, allowing the same speed to be maintained on the 
lesser grade to Lennep. Beyond Lennep, the controller 


ad 
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was thrown off and after the speed had increased to 30 
m.p.h. regeneration in the No. 3 combination was used, 
the control lever being moved up to the 16th notch and 
the motor fields adjusted by two or three movements of 
the lever to bring the speed to 55 m.p.h. Later the speed 
was increased to 60 m.p.h. by two snort movements of the 
lever. At the 55-mile speed, I noticed that the line cur- 
rent was 100 amperes and the field current 120 amperes, 
the line voltage being 3200. 

We then rode down the beautiful rolling Musselshell 
Valley famed for its big ranches of early days. A stop 
was made at Martinsdale. From there, after accelerating 
to a speed of 50 m.p.h., regeneration in the 3rd combina- 
tion was again used. Four miles below Martinsdale, at 
Groveland, we met No. 15, the west-bound Olympian, 
already in the siding. On nearing Two Dot, the speed 
was brought down to 40 m.p.h. by means of the regenera- 
tive control at which speed the air-brakes were applied, 
the controller thrown off, and the train brought to a stop. 
This place is named after one of the big ranches nearby. 
The last of the fourteen substations is located at this point. 

We arrived at Harlowton on time at 5.25 P. M. The 
Olympian was here turned over to the steam engine whose 
run was to be 104.5 miles to the next division point east 
at Miles City. The electric locomotive was taken to the 
roundhouse to be inspected before starting on the return 
trip with No. 17 at 5.05 A. M. the following day. Accord- 
ing to the report of Engineer Barnes, there had been a 
total of 49 minutes delay, the three five-minute stops for 
brake test being included, the balance of the time having 
been consumed by slow orders, train meets and non- 
scheduled station stops. Deducting the 49 minutes delay 
from the schedule time of eight hours between Deer 
Lodge and Harlowton, the actual running time was 7 
hours and 11 minutes. -There are 22 stops between Avery 
and Harlowton, including 4 stops for testing air brakes 
and two stops at the Butte Wye. The wattmeter indi- 
cated that 300 kw. hr. had been returned to the line by 
regeneration from Loweth to Harlowton. The total 
kw. hr. consumed between Deer Lodge and Harlowton 
was 5,540. The total kw. hr. regenerated between Deer 
Lodge and Harlowton was 1,410 (net 4,130). 

The trip had been a long one and although I had been 
standing for a good part of the way, I was not very tired. 

Our locomotive, No. 10301, went through on No. 17 
to Avery next day and returned to Harlowton with No. 
16 the day after, and the following day went back to 
Avery with No. 17. It has made seven through trips in 
seven successive days and will probably make three or 
four more trips before it is taken off for inspection at 
Deer Lodge. It is common practice for these locomotives 
to make ten and twelve through trips of 440 miles each 
in as many consecutive days. For several days’ running, 
these electric locomotives have passed through Deer 
Lodge on their runs between Harlowton and Avery with- 
out any of them having to be taken off for any reason. 

The following is a summary of the power consumed 
and regenerated on our trip with No. 10301: 


arom Avery fo Deer -Lodgé......:0....00:- 6.690 K.W.H. consumed 
360 K.W.H. regenerated 

6,330 K.W.H. net 

5,540 K.W.H. consumed 

1,410 K.W.H. regenerated 

4,130 K.W.H. net 

12 230 K.W.H. consumed 

1,770 K.W.H. regenerated 


10,460 K.W.H. net 


Dees Lodge to Harlowton... 6 ..s...+56% 


Avery to Harlowton 
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LOCOMOTIVE OPERATION ON CG. M. ST. PB. RY., BETWEEN HAR- 


LOWTON AND AVERY 
‘Train No. 16,|Urain No. 17)|D2rain No. 18))/Train No, 15, 
Avery- Harlowton- Avery- Harlowton- 
Harlowton Avery Harlowton Avery 
Bia lova a Sicumererts © 10303—10308 10302 10304 10507—10303 
joa) 82) %5.q athe > 10303 10308 10302 10304 
Ina, 20s onan e 10308 10303 10304 10302 
Waaliy 2 et ‘10303 10308 10302—10307 | 10304—10301 
Dibba 22 wesw 10308 10303—10304 10301 10307 
Yglby 28ho6 oes 10304 10308 10307 10301 
Wehbe coon 10508 10304 10301 10307 
Tuly 25, .0 hs 10304 10308 10307 10301 
Vulva 26k: 10308 10304 10301 10307 
TOR Bioaceae 10304—10303 10308 10308 10301 
Wie 7Asing goad 10307 10303 10301 10308 
Ue 2s coleae 10303 10307 10308—10302 10301 
ifnalivses S Ol finders 10307 10303—10305 10301 10302—10308 
iii <Biles so Gate 10305—10303 10307 10308 10301 
SUMMARY OF PERFORMANCE 
Number Number 
Tocomotive No. Throuch Trips Walt Trips Total Mileace 
10301 10 1 4,620 
10302 3 3 1,980 
10303 5 6 3040) 
10304 7 3 3,740 
10305 Ais 2 446 
10307 9 | 2 4,400 
10308 12 | 3 5,940 
SUMMARY OF LOCOMOTIVE FERFORMANCE FROM MAY ist 
TC NOVEMBER 30th, 1920 
Number Number Total Mileage 
Loco, No | Through Trips} Half Trips Mileage to Date 
10301 66 39 37,549 | 52,232 
10302 73 56 43,552 63,033 
10303 55 56 36,946 52,617 
10304 58 52 37,654 Ese 
10305* 64 36 32,540 44,979 
10306 90 40 48,295 63,013 
10307 86 Ba 46,786 46,786 
10308 84 43 46,826 58,595 
10309 66 50 40,334 40.334 


*No. 10305 was out of service during May, June and July, 1920. 


Secretary Payne on the Super Power Plan 


The annual report of the Secretary of the Interior 
contains the following regarding the superpower survey: 

“Congress at its last session placed upon this de- 
partment the duty of making a special investigation of 
the possible economy in fuel, labor, and material that 
could be secured by electrification of the railroads and 
industries of the region between Boston and Washing- 
ton. The plan contemplated is a unified system of power 
generation and power distribution, and its investigation 
has been called the superpower survey. This is now 
under way. The engineering profession and large busi- 
ness interests are giving this project support that is at 
once an indorsement and a promise of public confidence. 
The engineering staff engaged in this intensive study of 
the power needs and the means of meeting that demand 
includes men who have done pioneer work in applying 
electricity to the use of man; while serving on an ad- 
visory board are men of vision and experience, represent- 
ing our larger railroads as well as electric railways, our 
manufacturing and mining industries, and the engineer- 
ing and chemical professions, busy men who have ac- 
cepted my invitation to help direct this investigation 
along lines of greatest practical usefulness. Every in- 
dustry that has to do with either making power or using 
power is giving generous co-operation. 

“The area being studied, while only a small fraction 
of the United States—2 per cent—uses 24 per cent of 
the electric output of the central stations of the country 
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and produces about 47 per cent of its manufactured 
products. It is properly termed the finishing shop of 
American industry. The report of this investigation 
will be completed June 30 next, and its purpose is to 
give an engineering solution to the problem of the de- 
mand of the nation for greater production and better 
transportation. That answer is electrification, but its 
details must include the accurate statement of costs in 
capital and of savings in coal and labor. I believe the 
report will deserve public confidence.” 


Gear and Shaft Drive with 
No Bearing on the Car Axle 


DN type of gear and shaft drive for car lighting 
generators has been proposed by A. H. Matthews, 
Canadian National, Quebec, Canada. The device is 
unique in that it does not include a bearing on the car 
axle or a quill around the axle and the main driving gear 
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Fig. 1—Drawing Showing How the Split Gear is Attached to Its 
Axle and How the Pinions Are Placed: in the Case 


is applied to a straight axle. The main driving gear is 
made in two halves bolted together and applied to the 
axle by an expanding bushing as shown in Fig. 1. Over 
this gear is placed a casing, also made in two parts, con- 
taining four flanged pinions which mesh with the main 


ball fe 


Vol 12, Newt 
gears which in turn transmit the power through a shaft 
to the generator. Two universal joints and a sliding 
coupling give the shaft the required flexibility. A hanger 
prevents the shaft from dropping on the roadbed in case 
it should let go at either end. The gear ¢ase is kept from 
turning by a link which is attached to the end sill of the 
truck and there is a spring interposed in this link to com- 
pensate for shocks such as are caused by the coupling of 
cars. 

Mr. Matthews has proposed another similar device 
which differs from this in that the expanding bushing is 
eliminated and the main spur gear is applied to a specially 
turned axle. 


A New Junction Box 


A new junction box, manufactured by the Pyle-Na- 
tional Company, Chicago, is shown in the illustration. It 
is made from cast iron and may be used for connecting 
circuits at the cab and smoke box end of conduit. A 
water-proof cover is provided which is secured to the 


2. 


Junction Box for Locomotive Wiring 


box by a convenient latch. The conduit connection at 
one end can be removed without disturbing the wires in 
the conduit, and two branch line connections may be 
added by drilling through the sides of the box. In ad- 
dition a 34-in. knockout is provided at the back. For 
other connections, each end is tapped for 34-in. fittings. 
The inside dimensions are 65 in. long, 414 in. wide, and 
1% in. deep. An ebony board connecting block, 37% in. 
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Fig. 2—Plan View of the Complete Device Showing General Arrangement of Parts 


spur gear as shown. The pinion bearings are fitted rig- 
idly into the case. The case is partly filled with oil or 
grease and leather packing around the axle attached to 
the case is used to retain the lubricant and to keep dirt 
out of the gears. 

The flanged pinion at the top drives a pair of bevel 


long, 2%4 in. wide and % in. thick is provided. This is 
fitted with 10 screw terminals connected by buss bars. 

The usefulness of a junction box is readily apparent 
for it not only furnishes a convenient point for testing 
but also permits the various circuits to be disconnected 


when the locomotive is shopped for repairs. 


UCH has been said and written about the advan- 
M tages of the electric locomotives for railroad opera- 
tion. While the steam locomotive has improved 
rapidly in design by the use of economizers and super- 
heaters, the electric locomotive has more than kept pace 
with it. Its performance in connection with terminals 
and tunnels is generally appreciated and its advantages 
well known. The electric locomotive has taken its place 
in switching service resulting in marked economy, and 
finally, but not by any means the least important, it has 
entered the field of freight haulage—the hauling of freight 
over the heavy grades of mountain divisions. In this 
last mentioned service there is one great advantage en- 
joyed by the electric locomotive which stands out promi- 
nently, an advantage about which little has been written, 
and an advantage which cannot be even attempted or 
realized by the steam locomotive, namely, regeneration. 
Regeneration is the taking of the energy available on 
account of the train descending a grade and which nor- 
mally with steam operation is dissipated as heat at the 
brake shoes, and using this energy to return to the elec- 
trical conductor, electrical energy, which helps to supply 
power to some other train operating against grade, thus 
requiring less power to be taken from the main power 
station than would be the case without regeneration. 
Considerable energy is available (expressed in foot 
pounds or horsepower) when a large heavy freight train 
or passenger train is running down grade. Suppose for 
instance, that there was a 3,000-ton train running down a 
2 per cent grade at 14 miles per hour. The horsepower 
available can be calculated as follows: For each 1 per 
cent grade, the down pull along the grade is 20 lb. per 
ton (law of physics) so that on the 2 per cent grade there 
will be 40 lb. per ton, minus the friction of the train, 
which in this case we will assume as 6 lb. per ton. There 
is then a net amount of 34 lb. per ton, which with a 3,000- 
ton train made up of 3,000-ton trailing load and a 250- 
ton locomotive gives 108,250 lb. The speed in feet per 
minute at 14 miles per hour is 1,232, so that the horse- 
power to be dissipated at the brakeshoes as heat, or else 
as available for regeneration, is 


108,250 * 1,232 + 33,000 = 4,041 hp. 


Returning electric power to the conductor or line means 
that electric power is actually generated on the locomo- 
tive and the horsepower developed on the down grade 
is converted into watts. The logical procedure is to 
make use of the electric motors, which normally supply 
the motive power for the propulsion of the train, for 
generating the electric current to be put into the line and 
this is exactly what is done. The motor is connected to 


Regenerative Braking With 
Electric Locomotives 


| A Simplified Explanation of the Manner in 
Which Trains Are Retarded When 
Descending Grades 


By A. J. Manson 


the axles on the electric locomotive by gearing, side rods, 
or a combination of both, so that these motors revolve at 
all times with the revolution of the drivers. Power is 
required to generate electricity and the relation is such 
that 746 watts equal 1 horsepower if the efficiency of 
the machine is disregarded. We have seen that regenera- 
tion is the converting of the energy of the train descend- 
ing the grade represented by horsepower, into electrical 
power or watts. Ifa method is provided for controlling 
the amount of electrical power returned, this electrical 
power can be kept constant or can be varied to suit the 
grade which the train is descending and to absorb the 
amount of stored energy. With this regulation it is pos- 
sible (within limits) to absorb this potential energy of 
the train and to regenerate sufficient power so that the 
speed of the train down the grade is under perfect con- 
trol without the use of air brakes, they being held in 
reserve for emergency and the stopping of the train. 

While, in general, regeneration is the same for all Sys- 
tems, in that it provides a means for retardation of the 
train and for returning of power to the overhead line, 
still there is some difference. In order to understand 
what is happening it may be well to consider the funda- 
mental principles of the electric motor. The subject 
should be considered under two different headings, 
namely, first, regeneration with direct current and single 
phase series variable speed motors, and second, with the 
three phase or constant speed motors. 


Direct Current and Single Phase Regeneration 


In the case of the direct current application we will 
assume that the motors are of the series commutating 
type, this type of motor having the proper characteristics 
for general railway work. The series motor gets its 
name from the arrangement of connection between the 
armature and the field, these two parts of the motor be- 
ing connected in series, so that the same current which 
flows through the armature also flows through the field 
coil. Since the same current passes through both the 
field and the armature the strength of the field varies 
with the armature or load current, which affects both the 
speed and the torque of the motor. This torque is rep- 
resented by the product of the field strength multiplied 
by the current flowing through the armature, so that the 
pull or torque increases rapidly with the increasing cur- 
rent which results when the speed is decreased. 

In order to regenerate with the direct current system 
the voltage generated by the motors must be greater than 
the voltage or pressure on the electrical conductor, and 
this pressure generated must be under control. It is 
analogous to the pressure in a water pipe. The condi- 
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tions to be met are similar. In order to force water 
into a pipe which may be at 100 lb. pressure, a greater 
pressure must be used to overcome this pressure in the 
pipe. The motors must therefore become, for the time 
being, electric generators. While it is true that a series 
motor can be made to generate current and act in the 
capacity of a generator, if the fields of the motors are re- 
versed, it is very unstable. It is necessary to make cer- 
tain changes in the motor connections so as to satisfac- 
torily control the voltage generated. There are certain 
vital conditions which must be met and overcome. It is 
necessary to provide controlling apparatus so as to take 
care of variable conditions which are met in the direct 
current system. For instance, the line voltage may sud- 
denly be reduced at the locomotive which is regenerating, 
due to heavy trains starting up in the immediate neigh- 
borhood. Under these conditions, with a certain voltage 
being generated by the motors, the regenerated current 
would immediately increase. With the motors connected 
as series motors, this immediately would increase the 
field strength, which in turn would increase the regen- 
erated current so that an excessive overload would be 
thrown: on the entire equipment. On the other hand, if 
the line voltage should rise after a certain stable voltage 
existed on the motors, then the difference in voltage 
would be less, resulting in a decrease of regenerated cur- 
rent. The field excitation would therefore be decreased 
and a further decrease in current would result and pos- 
sibly might be reduced to zero. If the condition per- 
sisted still further excessive current in the opposite di- 
rection would build up and serious difficulties would 
result. In fact, these changes could happen so quickly 
and frequently that the time element of relays and con- 
trolling apparatus could hardly be made sensitive enough 
to properly safeguard and be effective. 

It therefore comes down to the question of separating 
the fields from the armature, changing the series motors 
into shunt generators, and exciting the fields of the motor 
from some separate source. We know that the main 
fields of the d. c. motors consist of a very few turns of 
wire or copper of low resistance, so that it would be 
impossible to excite these fields from the main voltage 
supply, as the excitation would be too great for the volt- 
age desired. 

‘Instead of the series generator, therefore, we have a 
shunt generator, and by adjusting and controlling the 
amount of current flowing through the separately excited 
field which determines the strength of the field and the 
number of lines of force, sufficient voltage can be gen- 
erated in the armature to force current back into the line 
against the line voltage. These fields could be separately 
excited from some source such as a storage battery, but a 
much better arrangement and a more-practical one is to 
furnish this power from a motor generator set. 

There are many methods possible in connection with 
this separate excitation. Any scheme to be effective must 
be automatic within limits so as to secure motor stability 
and weaken the field as the regenerated current increases, 
due to a momentary drop in the line voltage. Also it 
must be effective under reverse conditions wherein the 
line voltage increases. 

With this separation of the field from the armature 
the motor (now used as a generator) is no longer the 
self-contained and automatic unit which it is when operat- 
ing as a motor. When operating as a motor the field 
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strength and the armature current are always equal or 
in proportion to each other, and the motor automatically, 
by design, is stable. When operating as the generator 
the conditions are entirely different. The field strength 
is no longer the same as the armature strength and when 
the motor is running at high speed, a very low field ex- 
citation is all that is necessary to give the desired voltage 
for regeneration, and a certain distortion of armature 
flux exists. The torque which this motor, operating as 
a generator, exerts to absorb the mechanical energy of 
the train, is, however, proportional to the product of the 
armature current and the field strength. Naturally it 
follows that at the high speed with the low field strength 
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Fig. 1—Diagrammatic Connections Showing Scheme for Regenera- 
tion Using Stabilizing Resistance and Axle Driven Generator— 
Direct Current System. 
that the armature current. must be relatively large in 
comparison to the field, which results, as mentioned above, 
in distortion of the armature flux, etc. Of course, it is 
possible with the elaborate system of control on the loco- 
motives to make use of the starting resistance, etc., and 
reverse the operation over that which takes place when 
accelerating the train. When operating at high speed 
the armature current can be kept within a certain value | 
for the field strength. Under these conditions we can 
see that the braking effort or retardation is not at a maxi- 
mum value, but as the speed of the train is reduced then 
the retardation effort can be gradually increased. With 
these above conditions it can be clearly seen that a means 
must be provided so that when the change is made from 
motoring to regeneration, the excitation is such that 
when the motors are connected to the line as generators. 
the voltage is approximately equal to the line voltage 
so that undue surges of armature current will not exist. 
Moreover, the load must be proportionately divided be- 
tween the various motors and mechanical conditions such 
as difference in the air gaps of the motors, diameters of 
driving wheels, etc., which will result in different char- 
acteristics of the individual generators, are anticipated 
and arranged for. The automatic regenerating control 
must also be such that the regeneration effort will not 
be too quickly applied. 

These conditions have been met by the electrical en- 
gineers and very successful regeneration braking has been’ 
accomplished with direct current electric locomotives, with 
a minimum amount of excess apparatus and with addi- 
tional complications which are practically negligible. ; 

Such a scheme has been used on the new passenger 
locomotives for the Chicago, Milwaukee and St. Paul, 
built by the Westinghouse Co. A stabilizing resistance — 
is used, which causes the field current in the motor (act- — 
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ing as a generator) to vary inversely as the regenerated 
current so that sudden changes in line voltage do not 
affect the motor, but it is protected. The excitation of 
the motor fields during regeneration is not taken from a 
motor generator set, but from a generator driven from 
one-of the axles of the leading truck. The use of the 
stabilizing resistance and axle-driven generator has ad- 
vantages over other schemes, which will be explained. 
The connections when regenerating are shown by Fig. 
1. Let us assume that the motor is regenerating. Cur- 
rent is then flowing through the motor armature A back 
into the line, and in order to have the circuit completed 
an equal current must flow back from the running rails 
through the ground connection, through the stabilizing 
resistance to the motor armature. With this regenerated 
current flowing there is a certain JR or voltage drop in 
the stabilizing resistance. It will be noted from the dia- 
gram, Fig. 1, that the armature of the axle gener- 
ator is not connected directly to the motor field F, 
but that the stabilizing resistance R is also in the 
circuit. The excitation of the axle-driven generator is 
sufficient under these conditions to generate voltage in 
the armature G such that sufficient current will flow 
through F to give proper motor voltage for regenerating. 
The amount of current in this circuit depends on the volt- 
age of G, the resistance of the motor field F and the JR 
drop in the resistance. The automatic feature functions 
as follows: Suppose that the line voltage suddenly 
drops. Immediately the motor armature A would de- 
liver more regenerated current. This increased current 
returning through the stabilizing resistance increases the 
IR drop, or, in other words, the voltage across ab has 


11,000 Volts Overhead Wire 


Pantagraph 
A 


Sar Transformer 
Circuit 
Breaker 


FI 


Fig. 2—Diagrammatic Connections for Regeneration With Single 
Phase Alternating Current Series Motors 


increased. Since the voltage from G has not changed 
the current through the motor field must be decreased, 
and with the decreased excitation the voltage of A must 
decrease and the regenerated current therefore is de- 
creased. That is, the arrangement as shown is auto- 
matic and the motor is protected. The reverse is also 
true. If the voltage suddenly rises, less regenerated cur- 
rent flows, the 7R drop is reduced, more current flows in 
the field F and the motor voltage is raised, tending to 
maintain the regeneration. 

With the axle generator, as the speed of the locomo- 
tive increases, due to a change in grade, the voltage in- 
creases and the excitation of the main field F is increased. 
This will increase the regenerated current, but the /R 
drop will increase and the excitation will be reduced. A 
new balanced speed will be set up atttomatically. 
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If four or more motors are mounted on the locomotive 
a wide variation of speed during regeneration can be 
obtained by combining the motors in the parallel and 
series connection in the reverse manner to that which 
is done when the locomotive is motoring. [or instance, 
during acceleration the motors of the locomotive are 
operated in combination, starting, in the case of the four- 
motor equipment, with the four motors in series, then 
transferring the two motors in parallel, and two of these 
parallel sets in series, and finally to the four motors in 
parallel. Three running speeds are thus possible with 
these combinations, say, in the case of a freight locomo- 
tive, 8 miles an hour, with four motors in series, 16 
miles an hour with the second arrangement, and 32 miles 
per hour with all four motors in parallel. 

When regenerating with the locomotive running at a 
speed of. approximately 32 miles per hour the motors 
would be used as four in parallel, and as the train speed 
decreases to 16 miles an hour the combination would be 
changed over into two in parallel and two in series and 
with further reduction in speed the motors would be con- 
nected four in series. The reason for changing the com- 
bination is apparent from the following: As the train 
is reducing its speed the control must be such that more 
current is passed through the fields of the motors which 
are generating so as to keep the valtage up above the 
line voltage. We know that a certain number of lines 
of force must be cut during a certain time to give the 
voltage necessary. The reduction in speed cuts down the 
rate in the cutting of these lines of force, so that it is 
necessary to increase the number of lines in order that the 
total number of lines cut will remain the same. Of course, 
there is a limit to the lowest speed, below which point it is 
not possible to keep up the field strength, hence the voltage 
would decrease below the line voltage and regeneration 
would stop unless the motors were put into the second 
combination. With the second combination we have two 
motors in series, the voltage of each motor being added 
together to force current against the line voltage. In 
the final arrangement under regeneration, namely, with 
four motors in series, all four voltages are added together 
to oppose the line voltage. It is analogous again to the 
water system, where, in the case of a double acting pump 
or compressor, the air pressure or water pressure obtained 
from the first system passes into a high pressure cylinder, 
where it is increased to a much higher pressure by the 
movement of the second piston. 

Regeneration with the single phase series commutating 
motor system, is possible and it is interesting to see just 
how this is accomplished. The single phase system uses 
a higher voltage for the overhead wire, usually 11,000 
volts. Transformers are used on the locomotive to re- 
duce this high voltage to a voltage suitable for the opera- 
tion of the motors, taps being taken out at the proper 
voltages. A diagrammatic sketch for regeneration with a 
single phase series commutator type of locomotive is 
shown by Fig. 2. For regeneration connections and cir- 
cuits the motor generator set can be used as in the direct 
current arrangement if desired, but another satisfactory 
arrangement for alternating current single phase opera- 
tion is one where one motor of the four on the locomotive 
is used as a generator for furnishing current to excite 
the fields of the other three: the three motors sending 
power back into the line. Referring to the diagram, 
motor No. 1 is used as a generator and furnishes current 
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to the field F2, F3 and F4. The corresponding armatures 
generate current which is put back into the transformers 
through the lead C. 

As the speed of the locomotive decreases the voltage 
from the motors can always be kept at a sufficient value 
to regenerate by putting more current to the field of these 
motors. This is accomplished by increasing the strength 
of the field of the No. r motor by connecting the lead D 
to a suitable voltage tap either higher or lower. More- 
over it is possible to still further get additional variation 
by moving of the lead C to higher or lower tap so that 
the voltage can be maintained slightly above the line 
voltage over a wide range of train speed. For conven- 
ience the transformer has been shown as an auto 
transformer, one end A of which is connected to the 
11,000 volts and the other B, to ground. With a 
certain voltage at C generated by the motors Nos. 2, 3 
and 4, the voltage can be increased at A, depending on 

AB 


the ratio 
Cis 

We have seen that it is possible to regenerate with both 
the direct current and single phase systems, providing 
that certain changes in the motor connections are made to 
give the necessary shunt characteristics and some means 
provided for exciting the shunt field. In both cases the 
inherent working principle is in maintenance of the volt- 
age or electrical pressure of the regenerating machine 
higher than that of the distributing system to which it is 
connected. If the voltage of the distributing system 
could be kept constant regeneration with direct current 
would be simplified. But in railway service there are 
varying conditions, due to the movement of trains and 
the variation in grades and curves. Regeneration with 
direct current works very satisfactorily. But as far as 
simplicity and reliability are concerned the locomotives 
driven by the three phase motors are superior. 


Regeneration with Polyphase Motors 


The polyphase motor is a constant speed type and its 
speed does not depend upon the voltage of, the circuit 
but upon the frequency of the power supply. Therefore 
for a given frequency there is a certain motor speed 
known as the synchronous speed. Alternating current 
does not give a constant pressure like direct current, but 
changes in value. Starting at zero it progresses to a 
maximum, then decreasing to zero, reverses, goes to an 
equivalent negative maximum and returns again to zero; 
all this takes place in a fraction of a second. 

The induction motor consists of a stationary winding 
which is continuous on the inside of the motor frame, and 
a rotating armature. This armature has no connection 
whatsoever with the stationary winding or with the power 
supply circuit, the power being connected to the stationary 
winding on the frame. When the power supply is con- 
nected to the winding around the frame or stator a mag- 
netic field is produced which rotates in this winding at a 
speed depending upon the frequency of the supply circuit 
and upon the number of poles of the motor. The re- 
volving field passes by the winding on the armature, 
known as the rotor, induces a current in it which tends 
to stop the rotation of the field. As the rotating field 
cannot stop, the rotor is dragged along at practically the 
same speed, there being a slight slip, depending upon the 
load or the work which the motor is doing. 
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When regeneration takes place the rotor runs at a 
speed slightly above the synchronous speed of the stator 
field. For this reason and because the electrical supply 
is still connected to the primary winding of the stator, 
the rotor conductors overtake and therefore cut the lines 
of force of the revolving stator field, and current is gen- 
erated in the rotor winding in the opposite direction. 
The rotor flux created by the reverse current flowing in 
the rotor affects the flux in the primary or stator winding 
and generates in them a flux to oppose rotation. ‘The re- 
versal of the flux in the primary causes a reversal of the 
primary current and hence power is delivered to the line. 
At the same time the rotor flux tends to bring the rotor 
speed back to that of the magnetic field and therefore 
offers resistance and supplies the necessary energy of 
braking effort to hold the motors on the grade. Tests 
show that practically as much power or torque is required 
to run the motor a given number of r. p. m. above the 
synchronous speed as the force which the motor will 
overcome when it is running as a motor the same number. 
of revolutions below the synchronous speed. It is, there- 
fore, not a question of generating a voltage to overcome 
the trolley voltage, as in the case of the direct current 
system, but it is purely a question of speed of rotation 
and a condition which takes place automatically without 
any change in the motor circuit. In fact, it is possible, 
and moreover the general practice, to leave the power on 
when the train starts on the down grade and when the 
speed of the train tends to be higher than the synchronous 
speed of the motors, regeneration automatically occurs. 

The advantages gained by the use of the regeneration 
principle are many and are important advantages. They 
can be classified as follows: 1. Brake shoes and wheels. 
The energy stored up in a heavy freight train descending 
a grade is large, and with only air brakes available this 
energy must be dissipated as heat at the brakeshoes. 
Rapid wear of the shoes results, and the wheels are sub- 
jected to heavy wear and over-heating, with the risk of 
loose and broken tires and rims. The elimination of 
practically all of this dissipation of heat will result in 
reduced maintenance cost for the wheels and brakeshoes. 

2. Air brakes, brake rigging and draft gear. These 
items are subjected to severe strains, so that regenera- 
tion results in a reduction of maintenance. The saving 
in the maintenance of rolling stock will be considerable. 

3. Power house. Regeneration results in the saving 
in horsepower output, depending, of course, upon the 
operating conditions and the grades encountered. The 
saving in power consumption may be from 10 to 15 
per cent in the ordinary service over mountain grades. 

4. Speed down grade. The speed of a heavy train 
down the grade is often limited by the permissible heat- 
ing of the brakeshoes, so that with regeneration the speed 
can be the safe speed for the track, curves and construc- 
tion of the roadbed, if it is so desired. Higher speeds 
are permissible in descending the grade. 

5. Safety. Safety of operation is one of the greatest 
advantages. The train is under better control and pos- 
sible accidents are eliminated resulting from loose tires. 

6. Last but not least are the results obtained from 
operation. Regeneration gives more uniform operation 
of trains. Longer and longer trains must be used as the 
transportation system grows, and with these longer trains 
it becomes more and more necessary to operate at a con- 
stant speed. 


Principles of Car Lighting by Electricity 


A Course of Practical Lessons Explaining the Main Details 
of This Important Application 


By Chas. W. T. Stuart 


VI.—Edison Trainlighting Storage Batteries 


HE Edison storage battery differs widely from all 
other types in theory and characteristics. It has 
an alkaline instead of an acid electrolyte and the 

active materials are nickel oxide and iron instead of lead 
peroxide and spongy lead. 

It is interesting to glance over a few points in the 
history of the storage battery that led up to this par- 
ticular invention. From the beginning until the present 


Fig. 1—Type A-8-H Edison Cell Complete, Showing Corrugations 
in Containing Vessel 


time the aim of each inventor has been to produce an 
electrolytic cell in which electrical energy may be stored 
as chemical energy until ready for use. This cell must 
return at any time all or any part of the electrical energy 
put into it. It must also be in its original state when 
completely discharged. 

In 1801 Gautherot discovered that silver or platinum 
wires used for decomposing water by the passage of an 
electric current would send the current in a reverse 
direction when placed on discharge. 

In 1834 Faraday discovered that lead peroxide de- 
posited by acetate of lead would give a current in the 
Opposite direction from that originally causing the de- 
composition. 

In 1854 Sinsteden discovered that plates of lead, silver 
and nickel in a voltameter would produce reverse cur- 
rents. 

In 1860 Plante discovered two sheets of lead separated 
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and immersed in acid would send a current in a reverse 
direction when discharged. 

In 1881 Charles H. Brush, in America and Camilla 
A. Faure, in France, independently produced the lead 
battery pasted plate. 

In 1908 Thomas A. Edison, after years of study, placed 
the nickel-iron alkaline storage cell, Fig. 1, on the mar- 
Keb 


Railroad Service 


Train lighting batteries must be so designed that they 
will operate and give service under railroad conditions. 
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Fig. 2—The Edison Alkaline Storage Cell, 


Parts 


Showing the Various 


This means that the battery must withstand rough han- 
dling, due to the bumping of the cars, etc., that it 
must stand a wide range of temperature due to climate 
and also be able to overcome an unlimited amount of 
neglect, such as remaining in a discharged condition for 
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long periods, etc. For these reasons the Edison storage 
battery is well suited for train lighting. It is free from 
the ordinary storage battery diseases and is of a rugged 
construction. It may remain in a discharged condition 
for a long time without injury or be subjected to vibra- 
tion and concussion. 

The Edison storage battery does not contain a storage 
of electricity. The name storage battery suggests that 
electricity is stored in the battery, but this is not so. A 
chemical action is stored in the Edison battery which 
in turn produces electricity. 


Train Lighting Sets 


The Edison storage battery is a number of cells each 
of which is a unit consisting of the following main parts: 


Fig. 3 
Fig. 3—Showing Method of Intermeshing the Positive and Negative 
Plates in the Process of Assembling a Cell Ready for the Container 


Fig. 4—Type ‘“A’’ Positive Tube Loaded With Nickel 
Ready to be Placed in Positive Grid. 
Rings Encircling the Tube 


Fig. 4 


Note the 8 Seamless 


Containing vessel with cover. 

Positive and negative groups of plates. 
Electrolyte. 

Insulators. 

Connectors. 


wR NO 


These parts are shown in Fig 2. For train lighting there 
are six types. These are as follows: 


Type A-4-H, rated capacity 150 ampere hours. 
Type A-5-H, rated capacity 187.5 ampere hours. 
Type A-6-H, rated capacity 225 ampere hours. 
Type A-8-H, rated capacity 300 ampere hours. 
Type A-10-H, rated capacity 375 ampere hours. 
Type A-12-H, rated capacity 450 ampere hours. 


The letter “A” in each type represents the size of the 
plates used. The number in each case represents the 
number of positive plates in each cell. The letter “H” 


Hydrate, , 


VolsizgeNoet 


indicates “High Type,” as for train lighting the cells 
are assembled in higher containing vessels giving about 
three inches additional space for solution. This feature 
permits of working batteries for longer periods without 
adding water. Fig. 11 shows a 25-cell, type A-8-H 
battery. 

Containing Vessel 


The containing vessel, Fig. 2, is made of cold rolled, 
heavily nickeled, sheet steel, all seams being welded by 


Fig. 5—Magnified Section of 14-in. Tube. Light Layers Show Nickel 
Hydrate. Dark Vertical Lines Show Nickel Flake 


the autogenous process, ‘‘oxygen-acetylene flame.” The 
walls of the container are corrugated so as to give maxi- 
mum strength with minimum weight. Bosses are welded 
on the sides to hold the cell in the tray and to keep the 
cells separated when they are connected up for service. 
The containing vessel cover is made of nickel sheet steel 


Fig. 6—Steel Grids into Which Negative Pocket and Positive Tubes 
Are Clamped by Hydraulic Pressure 


and is welded on, after the elements have been placed in 
the containing vessel. The battery terminal poles pass 
through fittings in the containing vessel cover. These 
fittings are provided with soft rubber washers, and with 
rings and gland caps for expanding these rubber washers 
to form a gas tight and liquid tight packing between 
the top of the container and the poles. See Fig. 2. The 
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cover supports a combination filler cap and valve. The 
filler cap is operated by a spring which holds it wide 
open for filling or closed for operating, as desired. The 
valve.is suspended from the under side of the filler cap 


Fig. 7—Positive Plate Type ‘“A’”’ 


and is so arranged that, as the gas pressure in the cell 
rises sufficiently to raise it, the escaping gas flows by and 
out under the filler cap. When the gas has escaped, the 


Fig. 8—Negative Pocket, Type ‘‘A’’ Loaded With Iron Oxide, 3 in. 
long, Ya in. wide, 'f% in. thick 


valve closes preventing any impurities from getting into 
the cell. 


Groups of Plates 


The positive plates are mounted on a steel connector. 


rod with steel spacing washers and steel terminal post 
as shown in Fig. 2. The negative plates are also mounted 
on a steel connector rod with spacing washer and steel 
terminal post, Fig. 2. The positive and negative groups 
thus formed are intermeshed as shown in Fig. 3; being 
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kept separate electrically by suitable rubber insulation, 
and are then ready to be slipped into the steel container. 


Positive Plates 


The active material of the positive plate is nickel 
hydrate, which is packed in thin layers under heavy 
pressure in perforated steel tubes, as shown in Fig. 5, 
which is an enlarged cross sectional view of a portion of 
one of the tubes. Between the layers of nickel hydrate are 
still thinner layers of pure nickel which appear as dark 
lines in the illustration. These metallic layers are made up 
of small flakes of nickel, each flake being about 1/16” 


Fig. 9—Negative Plate, 


Type “cay 


square and much thinner than tissue paper. During 
charge and discharge of the battery the passage of the 
electric current alternately oxidizes and reduces the 
nickel hydrate. The metallic nickel acts as a conductor, 
forming a path of low resistance to all parts of the active 
layers of hydrate. After the steel tubes are loaded they 
are strengthened by a number of encircling seamless 
steel rings, as shown in Fig. 4. Then they are mounted 
in a steel grid or frame, shown in the upper part of Fig. 
6. The result is a strong positive plate as shown in 
Fig. 7. The type “A” positive plates are used in all train 
lighting cells. These plates are composed of thirty per- 
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forated nickel steel tubes arranged in two rows of fifteen 
each, as shown in Fig. 7. Each type ‘“‘A” positive tube 
is %4 in. in diameter, 4% in. long and contains 700 alter- 
nate layers of nickel oxide and pure metallic nickel. 


Negative Plates 


The negative plate consists of a steel grid, shown in 
the lower part of Fig. 6, which supports a number of 
flat, perforated steel containers or pockets, Fig. 8. The 
active material is iron oxide, which is held within the 
pockets. The pockets after being placed in the openings 
of the grid are subjected to hydraulic pressure which 
forces them into permanent contact with the grid. The 
passage of current during the operation of the battery 
causes the active material of the negative plate to be 
alternately reduced and oxidized according as the battery 
is charging or discharging. The complete negative plate 
is shown in Fig. 9, which illustrates the type of plate 
used in train lighting batteries. It contains 24 pockets, 
arranged in three rows of eight pockets each. Each 
pocket is % in. thick, % in. wide, and 3 in. long. 


Electrolyte 


The electrolyte of an Edison battery is an alkaline and 
not an acid solution such as is used in a lead cell. An 
acid solution could not be used in an Edison cell be- 
cause acid would act upon the nickel and steel electrodes. 
On the other hand, the alkaline solution preserves the 
steel and nickel and this in itself is a distinctive feature 
of the Edison cell. 

The original electrolyte of the Edison cell is a 21 per- 
cent solution of potassium hydrate (caustic potash) to 
which is added a small amount of lithium hydrate. This 
solution has a normal specific gravity of 1.210 at 60 deg. 


F. which does not change over a long period. The 
specific gravity of a liquid is the weight of that liquid 
divided by the weight of an equal volume of water. 
During the war, the caustic potash supply was cut off 
and caustic soda was substituted, which has a normal 
specific gravity of 1.175 at 60 deg. F. 


Vol: IZ, Nowe 


Separators-Insulation 


The alternate positive and negative plates are insulated 
from each other by vertical hard rubber pins or rods, 
equidistantly placed. Moulded hard rubber “ladders” 
secure the plates at their edges and insulate the whole 
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Fig. 10—Assembly of Edison Cells in Trays 

from the containing can. A sheet of hard rubber is 
placed between the end negatives and container. A 
moulded hard rubber “stool” forms the bottom support 
for the plates, see Fig..2. 


Trays 


The cells are mounted in wooden trays as shown in 
Fig. 10, being supported either by a steel cradle and 


Fig. 11—Edison Train Lighting Battery, 30-volt, 300 Ampere-hour Capacity, 25 Type A-8-H Cells 


hold-down straps or by rubber buttons imbedded in the 
tray slats. In the latter case the cells are provided with 
steel bosses which fit into the rubber buttons in the tray 
slats. These supports maintain the cells in position even 
when subjected to violent concussion. The trays are de- 
signed to contain any desired number of cells to suit 
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different conditions. In most cases the A-8-H battery 
is assembled three cells to a tray while the A-6-H is 
assembled four cells to a tray and the A-4-H five cells 
to a tray, as shown in Fig. 10. 


Connectors 


The individual cells in the tray are connected together 
positive to negative by means of copper connecting links. 
The end cells in adjacent trays are connected together, 
positive to negative by means of insulated copper wire 
jumpers. The links and jumpers are provided with steel 
terminal lugs which are bored, reamed, and ground to 
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Fig.J4. 
Fig. 12—Two Rusted Steel Plates Immersed in Solution of Potash 
and Connected by Two Wires to Dynamo 


Fig. 13—Current Flows from Dynamo Through Solution, from One 
Plate to the Other and Back to the Dynamo as Shown by the 
Arrows 


Fig. 14—Result of Charging as Shown in Fig. 13 


fit the tapered top of the terminal posts. The terminal 
lugs are brought into intimate contact with the terminal 
posts by tightening the nuts on top of the terminal posts. 


Theory 


The Edison theory is totally different from that of all 
other storage batteries based upon either the Plante or 
the Faure theory. These latter use lead peroxide or 
spongy lead in an acid electrolyte, while Edison chose 

nickel hydrate for the positive active material of his 
battery, iron oxide for the negative active material, and 
an alkaline electrolyte. 

A few points that lead up to the perfection of the 
Edison battery may be interesting and should enable the 
reader to grasp the theory more quickly. 

If two pieces of very thin bright steel were placed out 
of doors for a few weeks they would rust. This means 
that the oxygen in the air has acted on the outer layer 
of the metal and formed an oxide commonly known as 
rust. Next place these two pieces of steel in a solution 
of potash and water, and connect them by wires to a 
small dynamo, as shown in Fig. 12. The electricity, in 
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flowing from the dynamo through the solution, from one 
of the plates to the other and back to the dynamo as 
shown in Fig. 13, changes the rust to metallic iron on 
one of the plates, but causes the other plate to become 
rusted twice as much as before, see Fig. 14. 

Now disconnect the plates from the dynamo and con- 
nect them, by means of pieces of wire to an ammeter, 
as shown in Fig. 15. Instantly, the excess of oxygen 
in the rust on the plate commences to pass back to the 
bright plate and by so doing, causes the electricity to be 
generated, Fig. 16. Why? Nobody really knows. 

We have now charged and discharged a primitive 
storage battery. Instead of two thin rusted steel plates, 
let us mount, say, one hundred such plates, equidistantly 
spaced on one rod, and one hundred more on another 
rod. Now interpose the two groups so that the plates 
of one group will not touch those of the other and im- 
merse them in a solution of potash. When connected to 
our dynamo the electricity will flow from one group, 
through the solution, to the other group, converting the 
oxide of one group to metallic iron and increasing the 
amount of oxide on the other group. We shall be able 
to get much more electricity from the battery thus 
formed, because of the greater plate surface exposed. 

We have thus determined that large surface is neces- 
sary. Let us next place a quantity of fine particles of 
iron rust in two perforated flat steel pockets, and after 
putting these pockets into potash solution pass electricity 
from one to the other, through the solution as before. 
All the iron rust in one pocket will be changed to metallic 
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Fig. 15—Plates Disconnected from Dynamo and Connected to 
Ammeter 


Fig. 16—Current Flows as Shown by Arrows 


iron, because the oxygen will have passed over to the 
iron rust in the other pocket, causing this material to 
possess twice as much oxygen as before. 

Connect the two pockets to an ammeter and you will 
find that much more electricity is flowing than before, 
although the two pockets take up much less space than 
the two hundred steel plates. The reason of this is, the 
small particles present a very great combined surface to 
the solution. 

Suppose after having made a great number of experi- 
ments you put some iron rust or iron oxide into per- 
forated steel pockets, and. mount a number of these 
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pockets in a steel grid or support to form one plate, and 
place nickel hydrate (a green powder) in perforated 
steel receptacles and mount them on another grid to 
form another plate, then immerse the whole in a solution 
of potash, you will have arrived at the point Edison 
reached when he invented the Edison storage battery. 


Chemical Action of an Edison Cell 


As it is chemical energy that is stored in the battery 
and not electricity, it is necessary when explaining the 
action that takes place in the battery to include chemical 
symbols and equations. Therefore an explanation of a 
few terms may help those who have not studied 
chemistry. 

The symbols for the elements which will be used are 
as follows: 


Elements Symbols 
Elydrogens 79. nt ae. een ane eee Ja 
Oy ret = 255570 iis Ae ee O 
Potassitine: >. is, ee ee K 
Nickel s03 025.0: See ee Ni 
LY Ot? Se aes ee Fe 


The elements are combined into the following: 

The formula for nickel oxide is NiO, meaning that 
nickel and oxygen are combined to form nickel oxide. 
The formula for water is H,O meaning that hydrogen 
and oxygen are combined to form water. Iron oxide is 
Fe,O, indicating that iron and oxygen are combined to 
form iron oxide, and potassium hydrate is KOH signify- 
ing a combination of potassium, oxygen and hydrogen. 

The fundamental principle of the Edison storage bat- 
tery is the oxidation and reduction of metals in an 
electrolyte which neither combines with nor dissolves 
either the metals or their oxide. Also, an electrolyte 
which notwithstanding its decomposition by the action of 
the battery is immediately reformed in equal quantity and 
is therefore a practically constant element without change 
of density or conductivity over long periods of time. 
Therefore, only a small quantity of such electrolyte is 
necessary, permitting a very close proximity of the plates. 
Furthermore it is unnecessary to take hydrometer read- 
ings until about three hundred cycles of charge and dis- 
charge have been made; this is simply to determine when 
it is necessary to empty out the old solution and put in 
new. ‘The active material of the plates being insoluble 
in the electrolyte no chemical deterioration takes place 
therefrom. 

The chemical reactions in charging the Edison storage 
battery are (1) the oxidation from a lower to a higher 
oxide of nickel in the positive plate and (2) the reduction 
from ferrous oxide to metallic iron in the negative plate. 
The oxidation and reduction are performed by the oxygen 
and hydrogen set free at the respective poles by the 
electrolytic decomposition of water during the charge. 
The charging of the positive plates is therefore simply 
a process of increasing the proportion of oxygen to nickel. 
The proportion of nickel to oxygen in the various oxides 
of nickel are as follows: 


Atomic Proportions By Weight 

Ni O Ni O 
INI OS ie suo tors ete gio ere 1 1 1 Sys} 
Nig OF heals ste ae ee 1 136.5 1 .364 
Nig Og at acc sche tte ie ee nos il 1.5 1 -409 
INDO aes Fat bewtrd npasitieael ot cc eee ascot 1 2) 2 545 


The relative amounts of oxygen necessary to oxidize 
nickelous oxide, or NiO, which is the oxide correspond- 
ing to the green nickel hydrate used in making the bat- 
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tery, to the various oxides are given in the three re- 
actions. 


(1.) 6NiO +-20=2 NiO, 
(2.) 6:NiO 4°93 Oe ani: 
(3.) 6NiO +60 =6 NiO, 


The NiO, is capable of reacting with NiO accord- 
ing to the reaction Ni O, + Ni O = Ni,O, 

Ni,O, is considered as a combination of NiO plus 
Ni,O;. From a chemical standpoint a charged condition 
of the cell would, therefore, be represented in the positive 
plate by an atomic ratio of nickel to oxygen of at least 
1 : 15 (or Ni,O,, depending on the charge. A dis- 
charged condition would be represented by a ratio of 
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Fig. 17—Norma! Charge and Discharge Voltage Curves of Type 
“A” Cell 


1 : 1.33 (Ni,O,) or lower, depending on the discharge. 
The discharge of a cell is simply the reversal of the 
above réactions, the hydrogen reducing the higher 
oxides of nickel to lower oxides and the oxygen oxidiz- 
ing the iron to ferrous oxide. 


A Complete Cycle in a Simple Form | 


The following explanation of the chemical action may 
be more easily understood’ by those who are not so 
familiar with chemistry. Starting with iron oxide in the 
negative, green nickel hydrate in the positive, and potas- 
sium hydrate in the solution, the first charging of the 
cell reduces the iron oxide to metallic iron while con- 
verting the nickel hydrate to a very high oxide, black 
in color. 

On discharge the metallic iron goes back to iron oxide 
and the high nickel oxide goes to a lower oxide, but not 


_ to its original form of green hydrate. 


On every cycle thereafter the negative charges to 
metallic iron and discharges to iron oxide, while the 
positive charges to a high nickel oxide. The current 
passing in the direction of charge or discharge, decom- — 
poses the potassium hydrate of the electrolyte, and the 
oxidation and reduction at the electrodes are brought 
about by the action of its elements. An amount of 
potassium hydrate equal to that decomposed is always 
reformed at one of the electrodes by a secondary chemi- 
cal reaction and the consequence is, there is none of it 
lost and its density remains practically constant. 

The eventual result of charging, therefore, is a trans- 
ference of oxygen from the iron to the nickel electrodes, 
and that of discharging is a transference back again. 
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This is why the Edison is sometimes called the oxygen 
lift cell. 

The above action on discharge may be approximately 
represented by the following equations: 

Positive—8 K -++ 6 NiO, equals 2 Ni,O, plus 4 K,O. 

Negative—8 O H plus 3 Fe equals Fe,O, plus 4 H,O. 

The reverse reactions take place on charge. The iron 
and nickel compounds are probably hydrated but are 
here treated as oxides for the sake of simplicity. It will 
be noticed that the same amount of K O H is decom- 
posed according to the left hand members of these equa- 
tions as is reformed simultaneously as shown on the 
right. For this reason the chemical composition or 
specific gravity of the solution does not change appreci- 
ably throughout the cycle of charge and discharge. 


Capacity and Charging Rates 


The following table shows the capacity, normal dis- 
charging and charging rates, etc., for the various types: 
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Type 
Capacity, amps Wn. st cac ene 150) £3725 225 300 375 450 
No: of positive plates.......... 5 6 8 10 12 
No. of negative plates.......... 5 6 zi 9 11 13 
Charging rate, 7 hrs., amps.... 30 SWlels) 45 60 75 90 
Discharge rate, 5 hrs., amps..... 30 es) 45 60 75 90 
Discharge rate, 8 hrs., amps..... 18.75 23.4 eh SWS) 47 56.25 
Average discharge voltage per 

Celery. cec, aera swish aultone 1.24 1.24 1.24 1.24 1.24 1.24 
Average discharge voltage 25 cells 31 31 31 31 31 31 
Average discharge voltage 50 cells 62 62 62 62 62 62 
Weight of single cell, lbs...... 16.3 19.4 22.6 30.7 38.3 46.9 
Weight of 25 cell battery, Ibs.... 485 563 643 SOS 150) eel 50, 
Weight of 50 cell battery, Ibs... 970 2 Opels 28 5 laa ere sO Omn e700 
Height of solution above plates. . Bh? By A PVA BAVA Dee 
Cell container dimensions, lenrth 2.60” 3.23” 3.81” SOG Onl Se 7587.7 
Cell container dimensions, width 5.12” 5.12” es Ee ete ns 


Cell container, dimensions, height 15.00” 15.00” 15.00” 15.25” 15.25” 15.38” 


The range of voltage during a normal seven hour 
charge is from about 1.6 per cell minimum to 1.8 maxi- 
mum. 

The range of voltage during a normal five hour dis- 
charge is from about 1.4 per cell maximum to 1 volt per 
cell minimum. 

Fig. 17 shows normal charge and discharge voltage 
curves of a type “A” train lighting Edison cell 


The Testing of Welds in Steel Plates’ 


Conditions Which Affect Quality of Welds; Simple Bend 
Test and Etching of Sections Recommended 


By S. W. Miller 
Rochester Welding Works, Rochester, N. Y. 


HERE have been many failures of welds in the past, 
some not explained and some very expensive. As 
in all other developments, welding first received its 

principal impetus from the practical man. Of late, how- 
ever, the tendency has been to investigate more carefully 
and more fully and by means not available to the ordinary 


While some of the methods employed at present are 
beyond the reach of the ordinary welding shop, yet they 
are of great value and, in fact, necessary in order to deter- 
mine correctly what has occurred during the welding 
operation and what results may be expected under given 
conditions. Most of the published results are incomplete 


; 


Fig. 1—Strained iron. The curved lines are 
not cracks, but the edges of parts of the 
grains that have slipped past each other. 
They are called slip bands. 


welder. This means that scientists of all kinds have been 
called into consultation and that almost every conceivable 
method of test has been suggested in order to determine 
what methods and materials would make the best welds 
both from a standpoint of security, service and cost. 


*A paper read before the September meeting of the Chicago Section of 
the American Welding Society. 


Fig. 2—A good looking oxy-acetylene weld, 
but made with too large a tip, as shown by slipping at grain boundary. 


the short straight lines in some of the grains. 


Fig. 3—Oxy-acetylene weld showing heavy 
This is not a 
crack, but shows a weakness. 


in one or more respects and one of the objects of the 
American Welding Society is to put the testing of welds 
and welded structures on a firm and safe: foundation. 


Common Methods of Testing 


The testing of metals, aside from welds, is quite well 
developed both in theory and practice. The usual test is 
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the tensile test that gives the tensile strength per square 
inch, the yield point or elastic limit in pounds per square 
inch, the elongation in per cent of the original gage length 
and the reduction of area in per cent of the original 
section. Compression, torsion, shock and alternating 
stress tests are also used and the two latter are beginning 
to be used much more than they have in the past because 
it has been found that materials may give high results 
in the tensile test and yet be entirely unsuitable to resist 
service where shock or alternating stresses are met. 
Another of the common tests is bending to a certain 
radius either hot or cold and it has been found that it is 
a very valuable test of certain qualities. 

Chemical analysis is another powerful method of inves- 
tigation and many specifications have been made in which 
its use is vital. 

The microscope has been found to be of tremendous 
help in the study of metals and, in fact it is now a neces- 
sary instrument in all laboratories. Its principal function 
is to determine the extent and location of impurities in a 
metal, to decide whether the structure is proper for the 
purpose desired and to decide whether various heat treat- 
ments will give satisfactory results. While no one 
method of test shows everything desired to be known, the 
microscope is probably the most powerful single method 
of investigation in the case of metals, and in the study 
of welds it is particularly valuable because of the method 
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sometimes considered that steel is steel and that no dif- 
ferent treatment is required in the case of different qual- 
ities and varieties of steel. This idea is much less com- 
mon today than it was several years ago, but it is still too 
prevalent for the good of the art. A comparatively small 
difference in the percentage of carbon in the material 
being welded makes a very great difference in the results 
of either a bend or tensile test. If the carbon is .12 per 
cent or less, the material is soft, ductile and yields readily 
to any strain that may be put on it. Such material is 
frequently used for tanks, and because of its ductility 
and comparative freedom from damage by heating, is 
admirably suited for welding. Structural steel, bar steel 
and boiler plate contain about .15 per cent to .25 per cent 
carbon and have a tensile strength of about 60,000 Ib., 
while the soft low carbon material has only about 52,000 
to 55,000. Ship plate is required to have a tensile strength 
of from 58,000 to 68,000 Ib. and in order to. secure this 
characteristic the heavier sections require as high as .30 
per cent carbon. 

It has been found by experience that the higher the 
carbon the more difficult it is to get a satisfactory weld 
and the more danger there is of injuring the metal being 
welded. From a metallurgical point of view this is 
entirely natural and to be expected. It is also evident 
that a weld made with a given welding rod or electrode 
can have only a given strength. If this strength is greater 


ee 


Fig. 4—Good oxy-acetylene weld made with 


rather high carbon steel. Note presence of 
slip bands as in all good welds. 


of their formation. A weld is a casting and is subject to 
all the defects found in castings, which are, however, 
exaggerated in the case of welds. 


Welds in Steel Plates Only Considered 


This paper is confined to defects in the welding of steel 
plate by the oxy-acetylene and metal electrode processes. 
The welds considered are those in some important struc- 
ture where soundness and high quality are necessary. By 
soundness, I mean freedom from mechanical imperfec- 
tions such as lack of fusion, the presence of films or other 
inclusions, gas pockets, slag, etc. Welds of inferior 
quality may answer some purposes admirably, and if they 
do, there is no use in making better ones, but this is not 
the goal at which to aim for one who desires to make 
really good welds. The welding of steel is frequently 
considered as not being especially difficult, and it is also 


Fig. 5—Film of foreign matter, 
oxide, in oxy-acetylene weld. 


in strained 
No defects visible before — 
straining, showing that films were very thin. 


probably Fig. 6—Inter-granular cracks 


oxy-acetylene weld. 


than that of the material being welded, the test piece will 
always break outside of the weld. If, on the other hand, 
the weld is weaker than the material being welded, the 
rupture will always take place in the weld. An oxy- 
acetylene weld made with ordinary low carbon welding 
wire will have a tensile strength of about 52,000 Ib. This 
is stronger than soft tank steel and weaker than the other 
materials mentioned. It is possible to get with alloy steel — 
rods of proper composition a tensile strength in an oxy- 
acetylene weld of about 50,000 lb. Neither of these 
materials will weld boiler steel, boiler plate or ship plate, 
so that the rupture will occur outside the weld when the 
section of the weld is the same as the section of the piece. 
Therefore, in making tests of welded pieces, it is neces- 
sary to know accurately the character of the material be- 
ing welded because, if Welder Jones makes a weld in soft 
tank steel and Smith makes one in bar steel, the first will 
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break outside of the weld and the latter in the weld, with 
a probable adverse criticism of Smith’s work. 


Recommended Physical Tests 


The method of test to be applied in any given case 
depends largely on the use to which the welded piece is 
to be put. If it is to be used in a pressure vessel, I believe 
that not only should a tensile test be made but that an 
alternating stress test should be used because of the 
breathing of the tank due to changes of pressure. This 
latter test should also be applied where the weld is sub- 
jected to bending strain. There are no standards at 
present for weld tests, but it is advisable, whenever pos- 
sible, to follow those of the American Society for Testing 
Materials. Inasmuch as a welded piece is not of uniform 
character, it is not possible to use the elongation and 


RAILWAY ELECTRICAL ENGINEER 


4 


"y nae 


al 


would be entirely proper to test the weld at a good red 
heat, and I believe that it would be of much interest to 
all of you, if you would test some of your welds by clamp- 
ing them in a heavy vise or on an anvil with the center 
of the weld about half an inch from the edge of the table 
or above the face of the anvil, heating them to a bright 
orange with the torch and then bending them as before 
with a sledge. 

If such welds are made in half-inch by two-inch bar 
steel, a 90-degree single V being used, and they bend to 
a right angle cold without cracking on the outside, a 
welder may feel well satisfied with his work. 


Conditions Affecting Quality of Welds 


There seems to be quite a definite relation between the 
thickness of metal, the size of tip and the size of the weld- 


Fig. 7—Arc weld made probably with too 
long an arc, as there should not be so much 


Iron nitride. the weld little, if any. 


reduction of area as commonly measured. Where the 
break occurs in the weld, the elongation of the whole 
test piece tells very little about the quality of the weld, and 
I have been in the habit of taking the elongation in each 
inch, two inches, etc., of the gage length, beginning at 
the center inch, which includes the weld, and plotting 
these figures, against the gage length. Evidently, when 
the break is outside the weld, the various physical 
characteristics are those of the original material and not 
at all of the weld. The best test, in my opinion, to deter- 
mine quickly the general character of a weld is to grind 
it off level with the surface of the pieces and clamp it on 
an anvil, with the center of the weld level with the top 
of the anvil, the bottom of the V toward the anvil so 
that the top of the weld is stretched when the projecting 
end is struck with a sledge. The blow should not be too 
heavy and the number of blows and angle to which the 
piece bends before cracking are quite a good index of 
the value of the weld. It is true in this test, as in the 
tensile tests, that the quality of the material being welded 
has a great influence on the results. Stiff material throws 
more of the strain into the weld, while soft ductile 
material will itself take considerable of the bend. In 
the case of defective welds, that is, those not fused along 
the V or which contain slag or other inclusions, this test 
will at once develop the defects. If a welded piece were 
to be used in a place where it might become red hot, such 
as, for instance, in a locomotive firebox crown sheet, it 


Fig. 8—Slip bands in arc weld. The heavier 


straight lines are iron nitride. 


Fig. 9—Large defect in arc weld. Dark 


These weaken streak is oxide of iron. 


ing wire, in the case of gas welding, and between the 
thickness-of metal, the diameter of the electrode, and the 
current used, in electric welding. It is also to be under- 
stood that electric welds, except possibly those made with 
covered electrodes, will not stand as much bending as 
oxy-acetylene welds. 

In many cases, the defects in welds are easily visible 
to the naked eye when tested. In other cases, they are 
not, and while it would seem plausible that the visible 
ones were more dangerous, yet, to my mind, the hidden 
danger due to the ones that are hard to see is a matter 
that must not be overlooked. For many years, the danger- 
ous defects in steel rails have been those which were not 
visible and which have usually been very small at the 
start. During the war, when the demand for gun steel 
was very heavy, flaky steel, so called, was the material 
that gave the government the greatest cause for concern. 
In fact, those who are best posted on the metallurgy of 
steel are paying more and more attention to the minor 
defects, which heretofore have been considered but of 
little importance. This is equally true in a case of welds; 
and in finding out what a welder can do, this is one of 
the things that should be examined most carefully. A 
method for testing rails for these hidden defects has 
recently been developed by F. M. Waring. It consists 
of deeply etching a polished surface of the material under 
test. For instance, a section of a weld might be cut out 
with a hack saw, machined or filed to a true surface, and 
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polished on various grades of emery paper, ending up 
with 00 Manning. It is then placed in a warm solution 
of 25 per cent hydrochloric acid and water for from half 
an hour to an hour. The acid will eat away the defects, 
making the edges of the material at them taper, so that 
rather large grooves and pits will be visible where the 
defects prior to the etching would be only microscopic. 
It is not really necessary to warm the acid, although it 
takes longer when it is cold. The bending test, hot and 
cold, and the etching test are of the greatest value in 
ordinary shop practice where it is desired to find out 
rapidly and quite accurately what the quality of the work 
done by the different welders is. 


Effects of Strain 


Some of the defects in welds are visible under the 
microscope, but others are not visible until the weld is 
strained. A small bending machine that can be placed 
on the microscope stage is very useful, because after 
etching, the piece can be bent and examined to see what 
the effect of the strain is. In the case of bare wire electric 
welds, the rupture, as far as my experience goes, always 
occurs at the grain boundaries, even where no defects are 
visible there at the highest powers of the microscope. Of 
course, where there are visible defects, the rupture takes 
place first at these. Where there are no defects, the dis- 
tortion occurs by slipping in the grains as in normal steel. 
The causes of these defects are to my mind almost always 
oxides of one or another constituent of the metal, but 
usually of iron. There is no positive proof of this as yet, 
but there zre indirect proofs. An electric weld that will 
bend very little may be made much more ductile by heat- 
ing in a reducing atmosphere at a low red heat for one 
or two hours, indicating that the weakness at the grain 
boundaries has been removed. The reducing atmosphere 
would seem to make it clear that the material at the grain 
boundaries was on oxide. Again, heating an electric 
weld in an oxidizing atmosphere makes it more brittle. 

These rough tests, while satisfactory for determining 
the general quality of the work, do not answer as a basis 
for design and more refined tests must be used as before 
referred to. I believe that the most important of these 
are the tensile and alternating stress tests. 


Conclusion 


A great deal may be learned from the appearance of a 
weld. It is difficult to describe the appearance of good 
welds, but after they have been seen a number of times, an 
inspector can readily say whether the operator knows 
what he is doing. In gas welding, I would not accept a 
ripple weld in heavy material nor one which was narrower 
than about 2% times the thickness of the sheet, because 
T have never seen a weld having these appearances that 
was properly welded. The appearance of properly made 
electric welds has been well described by Mr. Escholtz 
of the Westinghouse Company and has been published 
in several of the trade journals. The appearance in a 
gas weld of porosities on top, indicates that the metal 
has been overheated, and the same thing is true in an 
electric weld. Inasmuch as I believe that the serious 
defects in welds are caused: by oxides, it would appear 
wise in the case of gas welding to use no larger tip than 
is necessary to produce thorough fusion. This means 
that the catalocue speeds of welding are impossible if 
good welds are desired. The same thing is true of electric 
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welds. The reason is that at the high temperatures of 
the steel caused by too large a tip or too heavy a current, 
the metal becomes overheated, and in that condition 
combines more readily with the oxygen of the air or with 
any excess oxygen in the torch flame, and produces 
oxides which are readily dissolved by the melted metal. 
As the metal cools down, these oxides are rejected im 
large part and pass to the grain boundaries, as do other 
impurities, so that it is perfectly natural that material 
which has been seriously overheated should be more 
brittle and weaker than the material which has been 
properly melted. I have found in a number of cases that 
very great improvements in the quality of the work were 
made by using regularly a bending test, and by carefully 
instructing the welders until their welds meet this test 
with unfailing regularity. 


Electricity Used for Pumping 


By C. R. Know tes 
Supt. Water Service, Illinois Central Railroad. 


Ye electricity has been employed to some extent as 

power for pumping at railway water stations for 
many years, its use has not been general. It has long been 
apparent that electricity had its advantages for this class 
of service, but up to the past few years current’ has not 
been available at many outlying stations, and where cur- 
rent was available the rates were often so high that there 
were but few places where electric power would show a 
saving in operation over steam or gasoline. Within recent 
years the production of electricity for commercial pur- 
poses has increased greatly and the extension of power 
lines has made it available at many points on our rail- 
roads at rates sufficiently attractive to warrant serious 
consideration, with the result that there has developed a 
considerable use of electric motor drive for pumping 
plants at water stations. 

A motor-driven pumping plant with automatic pressure 
regulator or float switch control is specially suited to loco- 
motive water tank service at many points because the 
tank may be kept full, regardless of variations in the de- 
mand for water, without any attention other than a peri- ° 
odical inspection of motor control and pump. It is also 
practical in some installations to have the station agent 
or local employee start and stop the pump by a remote 
control switch or push button. The standard control 
equipment now on the market is reliable and can be de- 
pended upon for pumping: station service. 

The cost of electric power for pumping is usually lower 
than the cost of the fuel that would be required by a steam 
plant, as the coal consumed at the average railway water 
station is from 4 to 6 times that necessary to generate the 
electricity required to pump the same amount of water. 
This is accounted for by the fact that with a steam plant 
there is a loss of fuel in getting up steam, banking fires, 
etc. Also as a general thing the pump in the average rail- 
way water station is not as efficient a machine as the large 
steam turbines commonly used in central power stations. 
Electric motor driven pumps have an added advantage 
over steam in lower first cost, and lower maintenance, 
while they are more compact, cleaner and easier con- 
trolled. An important factor in the comparative cost of a 
steam and electric plant is the housing. An’ electric 
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pumping plant will require a building approximately one- 
third the size of that required for a steam plant of the 
same capacity. On the other hand, the difference in the 
cost of pumping by steam and by electricity is offset to 
some extent by reason of the current having to be carried 
over a transmission line with resultant line losses, together 
with the cost of construction and maintenance of power 
lines. Electric power also has a disadvantage where pipes 
and pumps are exposed to freezing temperatures since it 
is necessary to provide some method of heating the plant 
and where extremely low temperatures prevail constant 
attendance is often required to keep it from freezing 
during the winter months. Another point to be consid- 
ered is the question of electric service interruptions due 
to storms or other causes. While the motor itself is 
reliable and can be further protected against failure by 
installing duplicate units it is not a prime mover and 
unless more than one source of power is provided it is 
liable to failure through interruption of power supply. 
This is particularly true where the source of power supply 
is from a small or heavily loaded plant where trouble 
may be expected from variable voltage or frequency. 

The development of the internal combustion engine 
using oil as fuel has been a factor in retarding the general 
use of electricity, as an electric motor can compete with 
the oil engine in operating costs only where the motor 
can be operated by automatic control, thereby eliminating 
the expense for constant attendance. The cost of current 
is usually based upon the nature of the demand as well 
as the amount of current used. A better rate may be 
secured where the load is uniform throughout the 24 
hours than where the pumps are operated for only a few 
hours, and in many cases a still better rate for current 
may be obtained when the pumping hours are arranged 
so that the pumps may be operated on the off peak load. 
Contracts for electric power usually contain a charge de- 
pendent upon the aggregate horse-power of the motors 
as well as the stipulated charge for current. The charges 
for current are invariably based on a sliding scale of 
rates per kw., the lowest rate applying to the greatest con- 
sumption of power. Rates for current vary widely, de- 
pending on the size of the central power station as well 
as the location and class of equipment in the power sta- 
tion. Electric drive is adapted to all types of power 
pumps, especially the centrifugal type, as the motor can 
be connected direct to a centrifugal pump without belts 
or reduction gears. 

The convenience and simplicity of a direct-connected 
motor and centrifugal pump make it one of the most de- 
sirable installations for tank service under conditions 
within the limits of centrifugal pump operation. Recent 
installations have consisted largely of this type of 
pumping unit, but failure to realize the limits of a centrif- 
ugal pump has unfortunately resulted in some unsatis- 
factory installations. 

One middle western railroad has recently installed elec- 
tric pumping equipment consisting of duplicate units, each 
having a capacity of 30,000 gal. per hour, the operation 
of the pumps being controlled by the height of water in 
the tanks. This plant replaced a steam plant which re- 
quired the services of three men while the electric plant 
is operated by one. The cost for current about equals 
the cost of coal formerly used in the operation of the steam 
plant and the net saving is approximately $1,500 per 
year. 
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The pumps are two horizontal, single stage, double suc- 
tion, split shell, centrifugal pumps with 5 in. suction and 
discharge openings, with bronze enclosed impeller and 
bronze fitted throughout. The pumps are designed to de- 
liver 500 gal. per min. against 100 ft. total head, including 
15 ft. suction head at 1,750 r.p.m., the mechanical eff- 
ciency being 66 per cent. 

The motors are two 25 hp. horizontal, 3 phase, 60 cycle, 
220 volt, 1,750 r.p.m. cross-the-line-type self starting mo- 
tors. Motors and pumps are direct connected and 
mounted on the same sub-base. The control panel is of 
the Sundh type consisting of two overload time limit re- 
lays of the hand reset type, main line switch, phase pro- 
tective relay, two-pole knife switch for hand operation, 
three-pole double throw knife, switch so wired that either 
motor may be operated but not the two together, double 
pole cross-the-line contactor for throwing the motor 
across the line and a Gage-type pressure regulator for 
operating panel by tank pressure. The pumps are fitted 
with a diaphragm by-pass valve for priming automatically 
when operating under automatic control. 

The pumps have been in operation 9 months, during 
which time they have pumped 90,000,000 gal. of water 
at a cost of $1,523 for electricity, or $0.0169 per thousand 
gallons for power only, the power consumption being 47,- 
870 kw.hr. at an average cost of $0.0318 per kw-hr., the 
total head ranging from 78 to 90 ft. 


OprraTiInGc Rresutts py MontTHs 


Gallons 
Month Electricity Cost Pumped 
antiary erect 5,370 kw. hr. $174.57 11,000,000 
Bebruary ss.0- «01% 5,820 kw. hr. 168.98 10,100,000 
Marche see eye 5,650 kw. hr. 165.92 10,000,000: 
April: Hyves srccts un 6 5,440 kw. hr. 162.14 9,150,000 
Mayet arate 4,940 kw. hr. 152.59 9,250,000 
ROD oles, a Aen cleweteo aetna 4,870 kw. hr. 5a d2 9,000,000 
Maly wyercteeseunceke Oxo 5,430 kw. hr. 161.96 10,000,000 
ATO UStimMa crnae erters 2,270 kw. hr. $28.92 
AUzUSE Geen ech 2,260 kw. hr. 145.87 
- 174.79 11,300,000 
September J-4.-.- 5,820 kw. hr. 201.71 10,200,000 
Motak 5 css 47,870 kw. hr. $1,513.78 90,000,000 


As an example of the comparative cost of pumping 
water with steam and gasoline the following figures show 
the results obtained at Dumont and Lake Mills, Iowa, on 
the C. & N. W. Ry. The installation at Dumont con- 
sists of a 5 in. by 6 in. triplex pump driven by a 3 hp. 
220 volt, 60 cycle, 3 phase, 1,150 r.p.m. motor, direct con- 
nected to the pump. The average consumption of water 
is 1,080,000 gal. per mo. The average power used in oper- 
ating the electric pumps is 230 kw. hr. per mo. at a cost 
of $8.20, or an average cost of $0.0076 per thousand gal- 
lons of water pumped for electricity alone. This com- 
pares with an average cost of $47.66 per month or $0.0441 
per thousand gallons for water pumped by the gasoline 
engine in use previous to the installation of electric 
pumps. 

At Lake Mills the equipment consists of a single-acting 
deep well pump cylinder 534 in. dia. by 24 in. stroke which 
is operated by a pump jack driven by a 7% hp. 60 cycle, 
3 phase, 220 volt motor at a speed of 1,150 r.p.m. The 
consumption of water is approximately 1,500,000 gal- 
lons per mo. The cost of current averages $23 per mo. 
or $0.0156 per thousand gallons. The average monthly 
cost of operation and maintenance pumping by gasoline 
was $67.50 per mo. or $0.045 per thousand gallons. This 
would indicate that pumping by electricity will show con- 
siderable economy over the cost of pumping with the 
gasoline engine. A large part of the expense of operating 
a gasoline engine is due to maintenance and where a gaso- 
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line engine is operated by a station agent or his helpers 
there is no question of the economy of electric operation 
over the cost of pumping with gasoline. 

Until recent years it was difficult to secure large quan- 
tities of water from wells without using an air lift which 
did not always offer the most economical solution of the 
problem. The development of the deep well turbine pump 
seems to have solved this problem to a large extent. The 
deep well turbine or centrifugal pump is particularly 
adapted to motor drive and installations of this type have 
proved very satisfactory. 

_Operating results covering a period of twelve months 
on a pump of this type are given herewith: The pump 
consists of a 15 in. 6 stage, turbine pump driven by a 40 
hp. vertical motor, 440 volt, 60 cycle, 3 phase, 1,170 r.p.m. 
During this period 183,850,000 gal. of water were 
pumped, using 151,390 kw. hr. at a cost of $3,724 for elec- 
tricity, an average cost of $0.0246 per kw.hr. or a cost of 
$0.0202 per thousand gallons of water pumped, the total 
head being 160 ft. 

The efficiency as shown in shop test is perhaps higher 
than that obtained in field service, although there is no 
doubt that this type of pump shows very satisfactory effi- 
ciency. 

While, under suitable conditions, electric drive has 
proved very satisfactory in railway water service at the 
same time it would be a mistake to fall into the error of 
considering it for every installation regardless of its suit- 
ability for the conditions of operation as there are many 


Operation of a Bascule Bridge 
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conditions where steam is preferable to electricity on ac- 
count of the possibility of utilizing the exhaust steam for 
heating or other purposes as well as for pumping. As 
stated previously the power cost for pumping with oil 
engines is almost invariably lower than for electric power. 
As a result the chief advantage that electricity possesses 
over an oil engine is the possibility of automatic or re- 
mote control with a resultant saving in the salary of at- 
tendants. As with other types of pumping installations 
the maximum reliability is not obtainable through the in- 
stallation of a single unit and while the construction of 
duplicate units will, of course, increase the construction 
cost it is not difficult to justify the additional expenditure 
on the ground of insurance against interrupted service as 
well as reducing the maintenance expense due to emer- 
gency repairs which are often necessary with a single 
unit. 
The shop test on the above pump showed the following 
results : 


Total H. P. to 

R. P.M Head (Gi PyM. Jee 2s sPump Wahiees Eff. 
1170 3e2 838 40.5 34.2 2.8 8.18 
1170 31.9 817 40.6 34.3 6.58 19.2 
1170 45.1 802 40.7 34.4 9.12 26.5 
1170 59.0 774 40.8 34.5 53 33.4 
1170 72.3 747 40.9 34.6 13.66 39.4 
1170 86.4 725 41.0 34.7 15.8 45.8 
1179 99.9 700 41.3 34.9 17.68 50.7 
1170 113.0 671 41.7 35.2 19.14 54.3 
1170 Weeal 637 41.2 34.8 20.45 58.7 
1170 140.6 612 41.2 34.8 2a, 62.3 
1170 148.6 596 40.9 34.7 Zack 64.0 
1170 158.1 567 40.8 34.6 22.65 65.4 
1172 169.1 540 40.3 34.1 23.05 67.5 
1178 182.0 502 39.6 33.4 23.05 69.0 
1180 205.0 437 See 32.6 22.5 69.0 
1182 223.0 328 35.4 29.6 18.5 69.4 
1200: 245.0 0 18.8 14.5 0 0 


on the New 


Interlocks and Extra Motors Provide for Safety and Surety 


of Operation. 


HE bridge on the New York, New Haven & Hart- 
ford which spans the Thames river at New Lon- 
don, Conn., was completed early in 1918 and 

displaced a double-track draw-bridge which has since 
been dedicated to the state for public highway pur- 
poses. The new bridge is a four-track structure and 
the lift span is of the Strauss heel trunnion type, con- 
sisting of the lift itself, the counterweight truss and 
box, the counterweight and the operating machinery. 
The counterweight for operating the lift span is made 
of concrete, a part of which contains steel punchings. 

A waterway 150 ft. in the clear between fenders is 
provided for navigation. The maximum angle of 
opening for the lift span is 82.5 deg. with the hori- 
zontal. 


Operating Equipment 


Three-phase, 60 cycle, 2,300-volt power for the op- 
eration of the bridge is obtained from the local power 
plant over a transmission line a little over a mile in 
length. Three 371%4-kva. transformers step this voltage 
down to 440 for all power purposes and for lighting it 
is again stepped down to 110 volts. 

The motors and reduction gears for raising the lift 
span shown in Fig. 2 are located in a fireproof house 
directly over the tracks and back of the span as shown 


Gas Engine for Auxiliary Power 


in Fig. 1. Contactors, fuses and resistances, Fig. 3, 
are placed in a separate room directly below the mo- 
tors. The controllers and the control board shown 


_in Figs. 4 and 5, respectively, together with machinery 


for furnishing emergency power, are located in the 
small white building at the heel of the bascule in 
Figal 

Four 82-hp., wound-rotor type, 3-phase motors are 
connected to the gear train. Two of these run idle, 
being held in reserve for emergency and the other two 
are used to operate the bridge. The two motors are 
capable of opening the bridge in 134 minutes. Either 
pair of motors may be selected for use by the large 
three-pole double throw switch shown in Fig. 5 on the 
lower panel. 

In addition to these motors a 37%4-hp. auxiliary mo- 
tor is provided, which will open the bridge in nine 
minutes in event of the failure of the large motors. 
The additional gears through which this motor trans- 
mits its power are not in mesh with the main gear 
train under normal operating conditions. The larges* 
gears of the train, Fig. 2, mesh with two racks mounted 
on two of the bridge members. A differential divides 
the power applied to each rack. A 5-hp. motor located 
in the free end of the bascule is used to lock the span 
when it is in its fully closed position. Through a 
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system of gears it is made to extend tongues or steel 
members between rollers on the adjoining stationary 
span and thus lock the bridge after the manner that a 
door is locked. All hoisting motors are equipped with 
solenoid brakes. 

Magnet switches are used for the control of all mo- 


Fig. 1—The Lift Span in the Open Position 


tors and the lock motor and hoisting motors are me- 
chanically and electrically interlocked with each other 
and with the railway signal circuits. An air brake is 


Fig. 2—Interlor of Machinery House 


supplied for retarding the movement of the bridge or 
for holding it in any desired position. 
As an added precaution in the event of failure of the 
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line current, a gas-engine generator set is provided 
which supplies current for the 37%-hp. auxiliary mo- 
tor. ‘This set consists of a six-cylinder, 82-hp. Wis- 
consin automobile type motor operating at a speed of 
1,200 r.p.m., and direct connected to a 37-kva., 440- 
volt General Electric generator, this power unit being 
located on the lower floor of the operator’s house. The 
engine is started by means of an electric motor starter 
controlled by a foot switch in the operator’s floor; the 
spark and gas control as well as the dynamo control 
being also accessible to the operator. In case of a 
failure of the service supply of current, the gears can 
be shifted and the bridge opened and closed with the 
gas engine generator set and gears re-shifted in 35 
min. The average load on the set is 15 kw., but it is 
capable of delivering 40 kw. A motor-driven air com- 
pressor, with a capacity of 25 cu. ft. per min., supplies 


Switches and Grid Resistances 


Fig. 3—Main Contactors, 
air to a /2-cu. ft. air tank at 125-lb, pressure ior op- 
erating the whistle and strut brakes. 


Control 


The operator’s stand is shown in Fig. 4. Controller 
No. 1 is used to operate the main hoisting motors and 
No. 2 controls the locking motor. These two control- 
lers: are mechanically and electrically interlocked so 
that the locking motor can not be operated unless the 
bridge is fully closed and power can not be applied to 
the main motors until the bridge is unlocked. 

Case No. 5, Fig. 4, contains six pilot lamps which 
indicate to the operator that the bridge is locked, un- 
locked, fully closed, one-third open, two-thirds open 
or fully open. 

Cases No. 3 and 4 contain relays which are con- 
trolled from a signal tower located at one end of the 
bridge. The bridge can not be opened unless these 
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relays are closed by the action of signal tower operator. 
If the lift span 1s moving in either direction and the 
operator fails to shut off power, it will be shut off 


Fig. 4—The Operator’s Stand 


automatically and the motor brakes set when the spain 

reaches the nearly open or nearly closed position. 
The air brake is capable of stopping and holding 

the span in any position in case of an accident such as 


Fig. 5—The Control 


Board 


a broken shaft or gear which would disconnect the 
span from the operating mechanism and is controlled 
by valve No. 6. 
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If the bridge 1s open and the operator is to close it, 
it is first necesstary to step on treadle No. 8 which 
closes the contactors to the power supply. The bridge 
is then brought down by controller No. 1. On the way 
down the different lights in Case 5 show the position 
of the span, and when nearly closed a limit switch 
located in the motor house causes the contactors to 
fall out and the brakes to be set on the motors. This 
precaution makes it impossible to close the bridge at 
full speed. In order to land the bridge it is then nec- 
essary for the operator to hold the contactors in with 
push button No. 7 as well as with treadle No. 8. When 
the bridge is in the fully closed position as indicated 
by one of the lights in case No. 5, and controller No. 1 
is in the “off” position, the bridge may be locked by 
the use of controller No. 2. A light shows when the 
bridge is locked. 

The gas engine and the generator which it drives are 
controlled from the left hand panels of the control 
board shown in Fig. 5. The right hand panels control 
the main power circuits. The engine-generator set is 
in a room directly below the room in which the con- 
trollers and control panel are located. In case of fail- 
ure of the main power supply, the engine is started 
by an electric starter which receives its power from 
a storage battery. The starter is operated by a foot 
treadle located on the floor at the left of the engine 
control panel. 

The spark and gas control may be seen in Fig. 5 
mounted on the left of the upper panel. The same con- 
trollers are used to operate the emergency motor from 
the gas engine drive as are used to operate the main 
motors from the main power supply. 


Portable Electric Grinders 


The portable electric grinder shown in the illustration 
is: manufactured by the Wodack Electric Corporation, 27 
South Jefferson street, Chicago, Ill. The machine is de- 
signed primarily to grind down castings too large to be 
handled at a stationary grinder and is particularly applic- 


The Grinder is Fitted With 10 Feet of Extra Heavy Flexible Cord 


able for use in the welding shop. 
for buffing and polishing. 

The machine complete weighs 13 lb., measures 18 in. 
over all and the diameter of the motor frame is 4% in. 
The 4-inch emery wheel which is supplied with the ma- 
chine runs at a speed of approximately 5,000 r.p.m. The 
wheel is driven through chrome nickel steel gears by a 
completely enclosed motor with self-oiling ball bearings. 
The motor is of the Universal type and may be used on 
either alternating or direct current. Pressure on the 
handle starts the motor and current is shut off instantane- 
ously when the pressure is released. 


It may also be used 


A Novel Scheme for Drawing Wire Into Conduit 
By E. C. MEILLORET 


Ever since it has been customary practice to run 
electrical conductors in conduit, various methods ot 
accomplishing such installation have been devised from 
time to time. One of the most unique ideas in this line 
is shown in the illustration. On the Long Island Rail- 
road the car lighting generators are now being placed 
on the car body and the construction of the cars is such 
that the only available place for the generator is at the 
opposite end of the car from that on which it was 
originally installed. This means that the conduits have 
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Using a Crane for Drawing Wire Into Conduit 


to be extended and rewired, as it does not pay to splice 
out the old wires. Furthermore, the rewiring does away 
with the splices in the conduit, which are always objection- 
able. When installing the new conduit it was found that 
it was necessary to make several offsets in it, and as the 
conduit itself is quite long, it required from three to four 
men to pull these cables through, the cable consisting of 
two No. 4 and one No. 8 stranded copper conductors. A 
heavy piece of steel banding wire was used as a snake. 
One end of this wire was securely fastened to the cable 
and the other end at the switchboard was wound around 
the drum of a Franklin shop crane, as may be seen in the 
illustration. Using the crane in this manner, one man 


can easily pull the cable in. This scheme has the advan- 
tage that the conductors are drawn in with a steady and 
uniform tension, which makes them less liable to break 
off at the connection to the snake than when several men 


pull and tug by jerks. Of course, the method is only 
applicable when the switchboard locker is located on the 
platform, and is readily accessible from the exterior of 
the car. 


Drilling Holes Through Glass 


Occasionally, it is desirable to drill holes through plate 
glass for the passage.of high voltage lines or for other 
purposes. This may be accomplished with hydrofluoric 
acid but the process is slow, requiring several days to eat 
through a 3/16-in. glass plate. It is possible to ac- 
complish satisfactory results much more rapidly by fol- 
lowing the method outlined. The tools for performing 
the work consist of a small drill press, a piece of copper 
tubing, the outside diameter of which corresponds to the 
diameter of the desired hole, a quantity of powdered 
carborundum and a little turpentine. The copper tubing 
must be attached to the spindle of the drill press so that 
it is held firmly in place. This may be accomplished by 
heating one end of the tubing, flaring it out and driving 
it up over the spindle of the drill press. A board 1 in. 
thick with a hole the diameter of the tube, is rigidly 
blocked several inches above the glass and serves as a 
guide for the tubing. A hole in the side of this tubing 
is necessary to permit the introduction of the powdered 
carborundum. 

Having assembled the material the operation is com- 
menced by putting into the opening on the side of the 
tubing a small quantity of the powdered carborundum 
moistened with turpentine. The tube is revolved at 
about 50 r.pm. The pressure of the end of this tube 
against the glass should be slight and the tube should 
be frequently raised to allow fresh cutting powder to 
work beneath it. In cutting heavy plate glass by this 
method it will be necessary to grind off the end of the 
tube once or twice in order to obtain the full thickness 
of the tubing at the cutting end. With a small drill 
press about an hour is required to drill through a 3/16- 
in. glass plate. 
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Convenient Type of Bench Drilling Stand 


The bench drilling stand, illustrated, has been put 
on the market by the Black & Decker Manufactur- 
ing Company, Baltimore, Md., and is designed to take 
the 3@ in., % in., 9/16 in., 5% in., and 7% in. portable 
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Black & Decker Bench Drilling Stand 


electric drills made by that company. The bracket 
carrying the drill can be raised or lowered on the ver- 
tical column and is secured in any desired position 
by means of a split collar and clamping screw. The 
drill may be swung clear of the base, making it pos- 
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sible to use this stand for such work as drilling holes 
in the ends of shafts, and other work too high to be 
drilled on the bench. 

Both vertical and horizontal adjustment are secured 
by means of the clamping screw. An extra long feed 
lever gives a feed ratio of six to one and 100 Ib. pres- 
sure applied to the handle will feed the drill under 
600 lb. pressure. This facilitates fast work with little 
effort. In the base of the stand, there are six tapped 
holes to accommodate ¥4-in. studs used to clamp the 
work in place. One stud with a nut and clamp is sup- 
plied with each stand. The stand is exceptionally 
rigid in construction, the vertical column being a solid 
steel shaft 1-7/16 in. in diameter. The base is pro- 
vided with four holes for fastening the stand to the 
bench by means of 3£-in. lag screws. 

The distance from the bottom of the base to the 
top of the vertical column is 30 in., the vertical ad- 
justment of drill being 12 in. The distance from the 
center of the drill bit to the circumference of the ver- 
tical column is 7 in. The vertical travel of drill when 
operated by the feed lever is 4 in. The net weight is 
70 lb. The stand is shipped complete with an adapter 
block. The sizes and types for which adapter blocks 
are suitable are stamped on the blocks and only Black 
& Decker portable electric drills of corresponding 
sizes and types can be used. 


Another Electric Rivet Heater 


The machine illustrated in the photograph is one that 
was recently developed by an Ohio concern to replace the 
old type forge fire for heating rivets that are used in 
fabricating steel structures of all kinds. The outfit is 
portable and can be moved from place to place very 
readily, only requiring an electrical connection to place 
it in condition for instant operation. 

The heating operator with an outfit of this type does 
not have to watch more than two rivets at any one time. 
Since not over thirty seconds is required to heat the 
average size rivet and the heating operation is under his 
control at all times, there is no difficulty whatever in 
maintaining the correct temperature and delivering the 
rivets in the best possible condition. 

The lower terminals of the transformer are stationary, 
the upper one being moved by means of the foot treadle 
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which when depressed raises the electrode so that the 
rivet is released and a cold one put in its place. The 
speed at which the rivet heats is controlled by means of 
the regulator located on the face of the outfit just above 
the foot treadle. The transformer is air cooled so there 
is no necessity for using water to prevent the terminals 
becoming heated, which is a very important item in 
apparatus of this character. Current is consumed at the 
rate of approximately 18 kw. hrs. per hundred pounds 
of rivets heated. The amount of current consumed is 
practically the same on rivets of various sizes, but the 


Operator Using the Electric Rivet Heater 


length of time necessary is increased or decreased accord- 
ing to the diameter and length of rivets used. 

The top of the outfit being placed on an angle keeps the 
work in full view of the operator, and a tray for holding 
rivets is conveniently placed to enable him to handle the 
work with the least possible effort. Waste is reduced to 
a minimum by employing angles and plates, and a bail 
can also be provided to permit of its being moved from 
place to place with a crane. Construction is rigid and 
substantial, the upper electrode being the only moving 
part in the entire outfit. The fact that there is little 
tendency to wear and nothing to get out of order should 
insure an exceptionally long-lived piece of equipment. 


New Lightweight Headlight Case 


The American Metal Products Company, Brooklyn, N. 
Y., has put on the market under the trade name “Ampro” 
a new electric headlight cast from a specially strong non- 
corrosive metal. The headlight weighs complete with 
mirror glass reflector 45 Ib. On account of its light weight 
one man can install the “Ampro”’ without the use of tackle 
or special rigging. 
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Some of the features claimed for this new lightweight 
headlight are its weather tight and air tight construc- 
tion; interchangeable straight, and angle side number 
doors; improved latches which keep doors intact under 
severe vibration; 14-in. mirror glass reflectors giving 


The “Ampro” Light Weight Headlight 


maximum illumination required by the Interstate Com- 
merce Commission; a new improved positive focusing 
device so constructed as to insure against breaking or 
bending of wires; and a specially designed positive elec- 
trical contact block which, when once wired, stays wired. 


Self-Loading Type Electric Truck 


An industrial self-loading truck of improved design 
has recently been placed on the market by the Industrial 
Truck Company, Division of the Cowan Truck Company, 
Holyoke, Mass. The truck is all-steel and guaranteed for 
5,000 Ib. capacity. It has an exceptionally quick acting 


A 5000-Ib. All Steel Self Loading Electric Truck 


elevating mechanism and elevates in five seconds when 
equipped with 28 cells and in six seconds with 21 cells. 
The lifting mechanism is operated by an independent, 
heavy duty, serious wound motor and worm gear reduc- 
tion. The platform lifts vertically, the rise being 4% in. 
The platform may be stopped at any point going up or 
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down, and requires only three seconds for full lowering. 
The rear end is equipped with a heavy bumper which 
effectually takes all shocks, and protects the lift platform. 
A drawbar attachment also is provided which enables the 
truck to be used as a light duty tractor. 

An automatic brake and circuit breaker application, 
four-wheel steer, single reduction worm drive of the 
power axle and easy accessibility of batteries, lifting, driv- 
ing and control mechanism are features of the truck. It 
will operate in intersecting aisles 60 in. wide. 

The extreme turning radius, outside point, is 70 ft. 10 
in. By folding the foot pedal and steering handle into a 
vertical position, the overall length is shortened for use 
on elevators. The length is 102 in. overall or 91% in. 
with the step raised. The width is 36 in. overall and the 
height over the steering shaft head 51 in. Either alkaline 
or lead batteries are used. The controller is of the drum 
type with three speeds forward and three reverse. 


A New Type of Disconnecting Hanger 


The Thompson Electric Company, at Cleveland, Ohio, 
has recently placed on the market a new type of safety 
disconnecting hanger, the principal features of which 
are shown in the diagram and photograph. The main 
feature of the new underslung model is that the self- 


Phantom Photograph Showing Arrangement of Hanger Parts 


acting lock, or dog, is on the part of the hanger. which 
comes down with the lamp. This simplifies inspection 
and enables the operator to readily overcome any tendency 
of the parts to stick, due to corrosion or dirt. Even 
should the lock become corroded (no matter how badly) 
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a pull on the rope will always unlock it, permitting the 
lamp to be easily removed for cleaning when it comes 
down to the ground. 

The wing at the top of the latch pin engages the cam 
portion of the slotted guide and brings the lower contact 
into alinement with the other contact. The self- 
acting dog is drawn upward past the notch in the slotted 
guide as shown in Fig. 2, then as the rope is slowly 
released the dog drops into the notch, locking the parts 
together as shown in Fig. 3. 

To lower the lamp, a pull on the rope again raises the 
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Fig. A 


Diagram Showing Successive Steps in Latching Hanger 


self-acting dog out of the notch as shown in Fig. 3, then 
a quick release of the rope causes the dog to slip down 
past the notch and the lamp is ready to be lowered to the 
ground. The heavier the lamp, the more firmly the jaw 
of the dog is forced into the notch in the face of the 
slotted guide. Another valuable feature of the under- 
slung latching parts is that they may be used in the old 
model hangers Nos. 30 and 31, manufactured by the 
company, thus giving those hangers the benefit of the 
most essential improvement involved in the new under- 
slung hanger. 


New Cast Headlight Case 


The cast metal headlight case with glass reflector 
shown in the illustration is manufactured by the Pyle- 
National Company, Chicago. It is adapted for the use 
of a 250-watt 32-volt lamp as the light source while 
the reflector retains the accepted curve and focal length, 


January, 1921 


thus providing standard intensity and spread of light 
beam. 

The cast case, which is in one piece, is 19% in. high, 
15 in. deep, 20% in. wide and weighs less than 100 Ib. 
A machined, taper fit is provided between the cast door 
frame and the body of the case so as to make it smoke- 
tight, dust and gas-proof. Provision is made for a 
weather-protected junction between the case and the 


Cross Section of Cast Headlight Case Showing Arrangement of 
Lamp Equipment 


locomotive conduit system, as well as a pre-assembled, 
electrical distribution within the case. 

A 16 in. by 8 in. glass reflector of heavy section is 
provided and is securely anchored against vibration. The 
focusing device holds the lamp rigid. The cast case may 
be furnished without numeral frames, or with side num- 
ber frames, either straight or angle. 


A Ratchet Adjustable Cutter 


The “Jiffy” Adjustable Cutter, which is being placed 
on the market by Paul W. Koch & Co., Chicago, affords 
a method of cutting round holes through practically any 


How the Cutter Is Applied 


material from paper to steel. The illustration shows how 
holes are cut through instrument boards, junction boxes. 
plates, etc. This cutter will cut through both metal and 
wood with the same set of knives. This tool is designed 
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to cut holes from 1% in. to 6% in. in diameter in wood, 
sheet metal, cast iron, boilers, tanks, cabinets, steel fibre, 
slate, asbestos board and many other materials. It is 
light and portable; it can be tucked away in the tool kit 
and used out on the job as easily as at the work bench 
in the shop, and can be used also in any position—on 
the floor or overhead, in corners or in the open. In fact, 
its possession will suggest numerous places where it can 
be used advantageously. 


Five New Electrical Specialties 


Harvey Elubbell, Inc... Bridgeport, Conn., has re- 
cently placed upon the market a number of new elec- 
trical specialties shown in the illustrations. The first 
of these is No. 8171 which is a toggle snap switch. 
The switch differs from the ordinary snap switch in 
that it is manipulated by throwing the lever or toggle 
instead of by turning a key or button. Throwing the 
lever up makes the circuit; throwing it down breaks 
the circuit. The movement is positive, quick and 
snappy. 

No. 3916 is a new type of pull socket with luminous 
acorn which is shown in illustration No. 6725. Any 
puli socket or pull switch listed in the catalogue No. 16 
can be furnished with the luminous acorn as shown in 
the photograph. 

No. 6720 illustrates a 20-ampere composition plug 


4 


No. 6720 


No. 3916 No. 6712 
cap. The body of the plug cap is made of tough black 
composition with a large milled edge, supplying an 
extra grip for the fingers. The hole is big enough to 
admit weatherproof or asbestos covered wire and a, 
generous space is provided for knotting the two cords, 
thus preventing all strain on the contact screws. It 
has a capacity of 20 amperes, 250 volts and is ample 
for all 32-volt farm lighting circuits. The blades are 
of heavy brass and are set “polarized.” They are in- 
terchangeable with all Hubbell 20-ampere receptacles, 
are rugged of construction and will not work loose or 
bend easily. 

No. 6712 illustrates a composition attachment plug 
with bayonet base. 
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Group Life Insurance for its employees is to be con- 
tinued by the General Electric Company for another 
year. During the first year of the insurance plan about 
$257,500 in death benefits were paid. 


Beginning January 1, 1921, the American Metal 
Products Company, Brooklyn, N. Y., will market its 
railway electrical specialties consisting of headlights, 
gage lamps, etc., under the trade name of “Ampro.” 
The Sunbeam Electric Manufacturing Company, Evans- 
ville, Ind., has been appointed sales agent for the 
“Ampro” products. 


The Chase-Shawmut Company, Newburyport, Mass., 
announces the appointment of H. C. Moran, Keystone 
Building, Pittsburgh, Pa., as district representative for 
the following territory: Western Pennsylvania, Ohio, 
Kentucky and West Virginia. The Engineering Equip- 
ment Company, 1011 Chestnut St., Philadelphia, Pa., 
has also been appointed district representative for 
Eastern Pennsylvania, New Jersey and Maryland. 


The Swiss Federal Railways are in urgent need of 
extending their electrification program promptly, be- 
cause of the inaccessibility of coal supplies and, accord- 
ing to the New York Herald, the Swiss Government is 
proceeding actively in negotiations with American bank- 
ers for a new loan. Provided that there will be no hitch 
in negotiations, it is expected that a new issue of $50,- 
000,000 to $60,000,000 of Swiss Government bonds will 
be floated in the New York market during the final week 
of this month. The last previous issue was floated early 
in July, 1920, and was for $25,000,000 in 20-year 8 per 
cent sinking fund gold bonds. 


The International Western Electric Company has 
organized a new company in Argentina, according to 
a recent announcement qade by G. E. Eimgrees vice 
president of the International company. The new or- 
ganization will take care of the telephone require- 
ments of the country in the lower part of South 
America. It will be known as the Compania Western 
Electric Argentina and will form an important link in 
the group of subsidiaries which the American com- 
pany has been establishing during the past few years. 
H. C. Mitchell;- formerly resident manager of the 
Western Electric Company in South America, has been 
elected president of the Argentine company with 
headquarters at Buenos Aires. 


Effective January 1, 1921, the general offices of the 
Stone Franklin Company will be removed from 18 East 
41st street, New York, to 6400 Plymouth avenue, St. 
Louis, Mo., to which point correspondence should be 
sent. This change brings the company in close co- 
operation with its manufacturing plant, affording im- 
proved service to the railroads. In addition to their 
general offices in St. Louis, the Stone Franklin Com- 
pany will also maintain a New York office at 30 Church 
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street, in charge of their president, Ralph G, Coburn, 
and vice-president, C. E. Walker. H. D. Rohman, 
at present chief engineer of this company, has been ap- 
pointed vice-president, with offices at St. Louis, in ad- 
dition to his present duties. He will have jurisdiction 
over sales in the west. 


A. E. R. A. Will Meet at Chicago 

The mid-year meeting and dinner of the American 
Electric Railway Association is to be held at Chicago 
on Thursday, February 10. Financing and re-financing 
of electric railways will be the general subject for dis- 
cussion at the conference, this problem having been 
selected as the most important affecting the electric 
railway industry today. The meeting and dinner will 
be held at the New Drake Hotel. 


Lackawanna Considers Electrification 


A recent item in the Scranton Times quotes E. M. 
Rine, vice-president of the Delaware, Lackawanna & 
Western, as making a statement to the effect that a 
partial electrification of the Lackawanna is being con- 
sidered at the present time. Engineers are making a 
survey of the road in Scranton and vicinity and will 
doubtless present an estimate as to the cost of placing 
electric pusher locomotives in service between Scran- 
ton and Pocono Summit on the east and Scranton and 
Clarks Summit on the west. According to Mr. Rine 
if the electrical engineers can show that the Lacka- 
wanna can improve its service and lessen the cost of 
haulage to the east and west of the city of Scranton 
pusher electric locomotives will probably be installed. 
The problem of electrification is being approached 
wholly from the viewpoint of reducing the haulage 
expense to the summits east and west of the city. The 
subject of electric motive power for through trains has 
not been considered, 


Illinois Central Studies Electrification 


The Illinois Central has appointed a commission to 
study electrification of the Chicago terminal facilities 
of that road and to advise on numerous technical ques- 
tions involved. This commission will be composed of 
A. S. Baldwin, vice-president of the Illinois Central, 
chairman; D. J. Brumley, chief engineer of Chicago 
terminal improvements of the Illinois Central; Bion J. 
Arnold, consulting engineer, Chicago; George Gibbs, 
consulting electrical engineer, New York; Cary T. 
Hutchinson, consulting engineer, New York, and W. 
M. Vandersluis, formerly signal engineer of the Illinois 
Central, who will be engineering secretary of the com- 
mission. It is understood that the scope of work of 
this commission will be to consider and make recom- 
mendations on technical electrical problems arising in 
the electrification of the Illinois Central passenger and 


62 


January, 1921 


freight terminals in Chicago as outlined in an ordi- 
nance of the city of Chicago, passed July 21, 1919. 
These problems will include consideration of (1) the 
general trend of development in the various electrical 
propulsion systems and the probable influence of fu- 
ture development upon installation and operation of 
lines of the Illinois Central, and (2) the relative ad- 
vantages of the alternative systems considered in con- 
nection with the electrification of (a) suburban serv- 
ice, (b) switching service and through freight service, 
(c) through passenger service, and (d) interchange 
with other railroads. 

The commission is to begin work immediately, it is 
understood, with the probability that a report will be 
made within six months. After the preliminary work 
is completed it is probable that the commission will 
be retained as a permanent body to design and super- 
intend the installation of the system adopted. Under 
the ordinance in which the electrification of the Illinois 
Central is provided for, the work must begin in 1922. 
All of the work done by the Illinois Central Railroad 
in the Chicago terminal area during the last year has 


been laid out with the future needs of the electrified . 


system in mind. This includes yard layout and the 
steel cars purchased for present use in suburban serv- 
ice but suitable for later equipment with motors and 
control. 

Present indications are that the suburban service 
will be handled entirely with multiple-unit cars, and 
that electric locomotives will come into use only when 
the electric operation is extended to the through trains. 


PERSONALS 


Howard H. Marsh, for nearly eight years district 
manager of the Railway Age and the other publications 
of the Simmons-Boardman Publishing Company at 
Cleveland, Ohio, has 
resigned to become 
president of the Vic- 
tory Equipment Com- 
pany, with offices at 
444 Maison Blanche 
Annex, New Orleans, 
La. As head of the 
Victory Equipment 
Company, he will han- 
dle the following ac- 
counts: McMyler-In- 
terstate Company, 
Cleveland, locomotive 
cranes, pile drivers 
and material handling 
equipment; Ball En- 
gine Company, Erie, 
Pa., steam shovels 
and railroad ditchers ; 
Schaefer Equipment Company, Pittsburgh, Pa., truck 
lever connections, brake levers, brake rod jaws and 
stake pockets; and Equipment Manufacturing Com- 
pany, Cleveland, trucks and trailers. 

His education, business experience and wide acquain- 
ance fit Mr. Marsh for his new undertaking. He is still 
a young man, having graduated at the University of 


H. H. Marsh 
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Vermont in 1903 with the degree of B.S. in civil engi- 
neering. That same year he entered the employ of 
Engineering News (now Engineering News-Record) as 
assistant to the western manager, and stayed there until 
1907 when he was appointed western representative of 
Engineering Contracting, with headquarters in Chicago. 
He left the latter place to go to Cleveland as district 
manager of the Simmons-Boardman Publishing Com- 
pany. 

Mr. Marsh’s removal to New Orleans is due to his 
desire to be near his family as it was necessary for Mrs. 
Marsh to take up her residence in the southwest in 
order that her health might be restored. In addition to 
his other work, Mr. Marsh will represent the Simmons- 
Boardman Publishing Company in the southwestern 
territory. 


Paul Lebenbaum has been appointed assistant elec- 
trical engineer on the Southern Pacific, with headquarters 
at San Francisco, Cal., succeeding F. E. Geibel, who has 
resigned, effective January 1. 


Godfrey Gort, general sales manager of the L. S. 
Brach Manufacturing Company, Newark, N. J., manu- 
facturing of lightning arresters and other signaling spe- 
cialties, has been elec- 
ted vice-president and 
general manager. Mr. 
Gort began his sig- 
nal experience on the 
New York Central as 
a helper. Next he 
was on the Interbor- 
ough Rapid Transit, 
New York, as assis- 
tant maintainer and 
for two years as sig- 
nal repairman. He 
then went to the Gen- 
eral Railway Signal 
Company as assistant 


wiring foreman on 
Godfrey Gort the a. c. installation 
on the New York 


Central and then for about a year was signal maintainer 
on that road. He subsequently served with the con- 
tractors who were installing the electric hoisting ma- 
chinery and lighting and powerhouse equipment on the 
Pennsylvania terminal and then went to the Hudson & 
Manhattan. Shortly after this he went to the Union 
Switch & Signal Company and later was employed by 
the Norfolk & Western, first as signal wiring foreman 
and then as assistant superintendent on electrical work. 
One year later he went to the Illinois Central as con- 
struction foreman on the a. c. installation on the Chi- 
cago terminal, and in June, 1913, became assistant to 
J. J. Garth, superintendent of the crossing-gate depart- 
ment of the Buda Company, Chicago. Later in the same 
year he was appointed construction foreman and sales 
engineer for the L. S. Brach Supply Company, with 
headquarters at New York. He remained in that posi- 
tion until 1915, when he was appointed western repre- 
sentative at Chicago and later became the general sales 
manager at New York of the same company, where he 
remained: until recently elected to the position of vice- 
president and general manager. 
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H. F. Brinckerhoff, who has been in charge of the 
Bluefield and Charleston (W. Va.) offices of the West- 
inghouse Electric & Manufacturing Company, has been 
appointed manager of the supply division of the Phila- 
delphia district office of that company. 


T. A. Johnson, division electrical foreman on the 
(linois Central, with headquarters at Paducah, Ky., has 
resigned from that position to become assistant elec- 
trical engineer on the Central of Georgia with office 
at Macon, Ga., E. O. King, acting division foreman on 
the Illinois Central, succeeds Mr. Johnson as division 
electrical foreman. 


—_____ 


OBITUARY 


Dr. William Robinson, inventor of the closed track 
circuit and other valuable devices, died on Sunday, Jan- 
uary 2, at the Muncie Sanatorium, in Brooklyn. 

Dr. Robinson was born in Cole Island, County Tyrone, 
Ireland, in 1840. He had lived in Brooklyn since 1844 and 
was unmarried. Besides being the inventor of the system 


of closed track circuits for railroads, which the United’ 


States Geographical Society classed as one of the epoch- 
-making devices of the century, he also invented an electric 
spot welding process and the coaster brake on bicycles. 
In 1878 he organized the Union Electric Signal Company, 
which he later sold to George Westinghouse and his asso- 
ciates. 

He was a fellow member of the American Institute of 
Electrical Engineers and an honorary member of the Rail- 
way Signal Engineers. He had lived in retirement for 
many years, devoting himself to his inventions. 


TRADE PUBLICATIONS 


Ward-Leonard Electric Company, Mount Vernon, 
N. Y., is distributing a small 19-page booklet-in which 
are described the Ward-Leonard Vitrohm dimmers which 
find extensive use in theatres, lodges and clubs. 


The National Metal Molding Company, Pittsburgh, 
Pa., is distributing a small envelope folder illustrating 
and describing the properties of “Flexsteel” armored 
conductors, “Flexsteel’” fittings and “Flexsteel” flexible 
metallic conduit. 

The Burton Rogers Company, 775 Boylston street, 
Boston, Mass., sales department for the Hoyt electrical 
instruments, has issued a catalogue of Hoyt electrical 
instruments, including dashboard, miniature switch- 
board, large switchboard and portable instruments. 


The Luminous Specialty Company, Indianapolis, Ind., 
has recently issued a 20-page pamphlet explaining and 
illustrating their new lighting fixture “Eye Shield Dif- 
fuser.” The pamphlet contains many photographic re- 
productions of this lighting unit as well as numerous 
instances of its application. 


Benjamin Electric Manufacturing Company, Chicago, 
has recently published a large illustrated 8-page folder 
entitled “A “ig Thought In A Big Way,” in which the 
idea is strongly emphasized of obtaining the proper in- 
tensity of illumination in workshops and factories with 
the idea of promoting efficient production. 
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Copper-Clad Steel Company, New York, is distributing 

-a small envelope folder which explains briefly the process 
of manufacture of copper-clad steel conductors. The 
folder also gives a list of the uses of this conductor, 
which is marketed under the name of “Copperweld” Wire. 


The Cutler-Hammer Company, New York, is distribu- 
ting a 64-page pamphlet entitled “Dictionary of Uses.” 
The pamphlet explains and illustrates a remarkable 
number of installations of the C-H electric space heaters. 
Many of these uses are quite unusual and serve to show 
the great diversity in the application of this heating unit. 


General Electric Company, Schenectady, N. Y., in its 
bulletin No. 49706 entitled “The Oil Conservator’ de- 
scribes and illustrates a tank equipment to be used in 
connection with high voltage transformers. The oil con- 
servator eliminates “breathing” and moisture condensa-- 
tion in the main tank, avoids explosions, protects oil 
from “‘sludging” and preserves insulation. 


The Cutler-Hammer Manufacturing Company, Mil- 
waukee, Wis., has recently published a 48-page 8% in. 
by 11 in. booklet entitled “For the Mine.” The new 
publication illustrates and describes the manual and auto- 
matic motor controller, accessory control devices, bat- 
tery charging equipment for miners’ lamps and mine 
locomotives, electric brakes, solenoids, etc. The booklet 
is known as publication 836. 


The Packard Electric Company, of Warren, Ohio, has 
issued a bulletin on metering transformers, describing 
the weatherproof and switchboard types of single, two 
and three-phase potential and current transformers. The 
weatherproof, or outdoor type, of oil insulated trans- 
former has been developed to meet a demand for trans- 
formers which shall avoid the building of a housing to 
protect them from the weather. 


Tubular Steel Poles—Bulletin No. 14-C of the Na- 
tional Tube Company, Pittsburgh, Pa., is an attractive 
48-page booklet which sets forth the advantages of tub- 
ular steel poles. The application of this type of support 
to high automatic or manual signals, trolley wires, tele- 
graph and telephone lines, transmission lines and light- 
ing fixtures, is illustrated and described. A tabulation of 
sizes, weights, etc., facilitates the selection of the pole 
best suited for the particular service. The closing pages 
of the bulletin are devoted to tables, giving the properties 
of steel pipe. 


The Okonite Company, New York, has recently issued 
a cloth-bound volume containing 104 pages, 6 in. by 9 in., 
-which is devoted to the illustration and description of 
the many products which this company manufactures. 
Approximately every type of wire and cable manufac- 
tured by the Okonite Company is illustrated and de- 
scribed in this book. Numerous tables are also given 
which include complete information concerning the phy- 
sical and electrical properties of the various conductors 
listed. A large number of photographs are also included 
showing the different processes of manufacture of the 
Okonite products. On the inside of the back cover an 
electric wire computer is attached for determining the 
size of wire to be used in electrical construction. Accom- 
panying the hand book is a small envelope folder entitled 
“Spliced for Life” in which the properties of Okonite and 
Manson tapes are presented. 
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Throughout the industrial world today an attempt is 
being made to apply more scientific measures to studying 
the capabilities and personalities of 


Blazing men to decide just where they can be 
a fitted into an organization to the best 
Trail advantage. The railroads generally 


have given too little attention to how 
best to select men in the first place, and then to their 
training them after they have been taken into the service. 
_ The electrical department on the railroads has devel- 
oped and grown at a tremendous pace in recent years. 
This rate of growth will continue because electrical ap- 
paratus generally is distinguished by its ability to increase 
capacity and efficiency compared with other forms of 
energy. The application and maintenance of electrically- 
operated apparatus require a high degree of skill and 
intelligence and if the best results are to be obtained, 
critical and careful attention must be given to the selec- 
tion and training of employees in the electrical depart- 
ment. That this has not received greater attention in 
the past is doubtless due to the fact that the department 
has been small and in a state of development. It is time 
now, however, that the problem be tackled vigorously. 
It will be just as well in studying the situation to look 
entirely outside the railroad field and into the industries 
—particularly those in the electrical field—for suggestions 
as to how to go about the matter. Unfortunately the 
railroad mechanical departments, with which the elec- 
trical departments are in most intimate touch, except in 
a few places, have thus far failed to grasp the importance 
of going into these matters in a big way. The electrical 
department may even yet blaze a trail for them to follow. 


The railroads are up against a mighty serious proposi- 
tion. Under the record-breaking business last fall they 
failed as a whole to earn within 33 
per cent of what Congress intended 
they should, as expressed in the terms 
of the Transportation Act. Business 
has fallen off greatly and many roads 
are now operating at a loss. The shipping public will 
not stand for a further increase in rates. 

There remains only one other way out of the difficulty. 
Operating expenses must be reduced—indeed they must 
be very greatly reduced. This will require the hearty 
and intelligent co-operation of every employee from the 
call boy, office boy and apprentice up to the president and 
the chairman of the board. There are many places in 
which savings may be made, but the actual extent to 


Will You 
Do Your 
Part? 


which they can be made will be measured by the propor- 
tion of the employees who really use their brains and put 
forth their very best efforts. Millions of dollars, for in- 
stance, are wasted every year in loss and damage to 
freight, caused by carelessness and pure thoughtlessness 
on the part of employees—and the term employee, by the 
way, includes everybody on the payroll and is not here 
used in any restricted sense. Past experience has con- 
clusively demonstrated that this loss can be reduced to a 
comparatively low figure by real team work and intelli- 
gent application throughout the organization. 

In the same way savings may be made in time, energy, 
and material throughout the entire railroad organization. 
Unfortunately it is ordinarily mighty difficult, if not im- 
possible, to get the employees generally to realize this. 
Now, however, the situation is so serious that there is 
some hope of awakening them. If these savings are not 
made, only one other alternative remains—to cut salaries 
and wages. Possibly this may be necessary in any event, 
but the possibility and extent of it will be reduced in the 
exact proportion to which a real effort is now made to 
get the best returns from every dollar expended. 


Electrical welding may be considered as preferred work 
as the operators receive a higher standard rate of pay 
than machinists in the same railroad 


Paying shop. This is entirely in keeping 
the Welding — with the kind of work they do, since 
Operator autogenous welding requires special 


knowledge and special skill. There 
are two factors however, which operate to make this 
higher rate of pay undesirable. The first is that it is a 
flat wage rate, and the second is that it is always desirable 
to get a job done as quickly as possible. These two con- 
ditions operate against good results as the quality of the 
weld is of the greatest importance and should be put 
ahead of everything else. 

Because of the higher basic rate of pay and because he 
is privileged to do so, a machinist may decide to give up 
his lathe and take up electric welding, in spite of the fact 
that he has had no experience in this kind of work and 
has not the inherent qualities that are necessary to make 
him a first-class welding operator. The result is that a 
lot of time is lost in training and much material is wasted. 
Speed means a lot of work done in a little time, but it 
should never be sought after if it means a reduction in 
quality of work done. The operator must. be conscien- 
tious as well as skillful, he must have careful training 
and it is essential that all his work be checked up to 
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prevent the possibility of his becoming lax. Too 
often a welder’s work begins to fail after he has 
decided for himself that he has become a first-class 
welder. , 

A good supervisor can almost always tell the difference 
between a good and a bad weld and the way the jobs 
hold up, together with tests he may be able to make from 
time to time, give him an excellent check on the kind of 
work that is being done by any certain operator. Pay- 
ment for welding should be in proportion to’the ability 
of the operator and the quality of the work he turns out. 
There is a good reason for the higher rate of pay for 
welders and it can hardly be considered a bonus, but if a 
bonus were given for the quality of work turned out, it 
would undoubtedly help to improve the results now ob- 
tained. Many welders outside of railroads are already 
being paid on a basis of quality and it is quite possible 
that this basis will eventually be adopted by the railroads. 


Having different kinds of power for the electric opera- 
tion of trains makes it necessary to have a greater number 
of different types of electric locomo- 


Is One Kind tives; it would seem desirable to have 
of Power only one kind of power so that all 
Practicable?  clectric locomotives could be oper- 


ated over the electrified sections of 
any other railroad. This matter of standardization has 
been carried much farther in England than it has in the 
United States and it is interesting to note the result. Dur- 
ing the latter part of 1920 the Advisory Committee on 
Electrification of Railways recommended the adoption for 
English railways of direct current at voltages of 750, 
1,500, or multiples of these values, with either overhead 
or third rail collection for future installations and recom- 
mended continuing the use of existing 600-volt and 1,200- 
volt direct current systems. The committee also recom- 
mended that the London, Brighton & South Coast Rail- 
way be permitted the use of single-phase current. 
A recent issue of London Engineering commented 
on this decision as follows: 


“Considering the constitution of the committee and the fact that in this 
country direct current has always been favored, the decision to adopt a 
1,500-volt direct-current system is not surprising. As regards a real stand- 
ardization, however, the report leaves us very much where we were before. 
In adopting a voltage little used in this country hitherto, and in leaving 
the existing electrified lines untouched, the committee has obviously adopted 
a policy which is of little assistance to real standardization. In view of 
the fact that a considerable amount of electrification work has already 
been carried out, and that it is very doubtful indeed that any particular 
system can be the most suitable system for the electrification of all rail- 
ways, standardization at this period is liable to prove undesirable. Efforts 
to standardize railway electrification do not, on the whole, appear to have 
met with much success either here or abroad.” 


Selecting a standard system for English railways is a 
simpler problem than selecting one for use here in Amer- 
ica, as the problems involved do not include such widely 
different forms of railroading and the distances are not so 
great. If the question is to be disputed in England, 
American railroads can hardly be expected to adopt a 
standard in the near future. Standards are desirable, but 
overstandardization may under some circumstances be 
worse than none at all. An authority on the use of direct- 
current said recently, “If you want to be sure of results 
use direct current, and if you have got time, consider 
alternating current.” Both alternating and direct current 
have proved their worth and have great possibilities, and 
each problem of electrification must be worked out for 
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both systems as a separate problem involving the amount 
and kind of traffic to be moved over a certain profile. 


The general adoption of electric headlights has been 
accomplished with a remarkably small amount of serious 


i trouble. It is remarkable because of 
Studying the 


Electric ferent types of headlights in use, 
Headlight The manufacturers of the several 


equipments have produced the ma- 
chines which in their respective opinions most success- 
fully meet the requirements. It may be that some of 
these machines are stronger in some respects than others; 


some are better suited to certain operating conditions than. 
others, and it is altogether probable that some of the 


equipments have inherent weaknesses which must be given 
careful consideration from the standpoint of maintaining 
the equipment As time goes on and more experience is 
gained in the operation of these electric headlights, it is 
almost certain that there will be refinements and improve- 
ments in the design of almost every one of the types. 

In order that data be available from which the designers 
may be guided in improving these machines, the various 
railroad companies should take steps to investigate the 
operation of turbo-generator sets and make suitable ar- 
rangements for testing them thoroughly. 
which appears on page 80 of this issue entitled “Tempera- 
ture Rise in Headlight Generators” gives an excellent ex- 
ample of one type of test which may be performed on 
headlight equipment. 


impossible to study the charts which accompany this 
article and not be thoroughly convinced that excessive 
brush pressure is something to be carefully avoided. 

A great many tests have been made with regard to the 
illuminating properties of the light unit, but the studies 
which have been made of turbo-generator sets themselves 
are rather few. The investigation of the turbo-generator 
operation is one of the most fertile fields to which the 
electrical engineer may profitably devote himself. 


New Books 


lhe Engineering Index for 1919. Published by the American Society of 


Mechanical Engineers, 29 West 39th street, New York. 

6 in, by 9 in., bound in cloth, 

The purpose of the Engineering Index is to provide 
a convenient and satisfactory guide to engineering 
literature. The 1919 edition of this index is the most 
complete and comprehensive work of its kind ever 
published.. It contains over 12,000 references to 
articles published during the year 1919 in nearly 700 
engineering and allied technical publications. The 


compilation of this index is based upon a review of 
approximately 1,100 periodicals, reports, and other 
publications by the engineering staff of the American. 


Society of Mechanical Engineers. These publications 


are printed in ten different languages and comprise’ 
what is probably the most complete collection of 
scientific and engineering publications in the world. 


All of the publications referred to in this index are 


now a part of the Engineering Societies Library in 


New York. 


the fact that there are so many dif- 


The article’ 


The data obtained from this test 
appear to be quite conclusive, for it would be practically 


527 pages 
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Typical Bitter Root Country Through Which the St. Paul Ts Now Electrified 


Electric Motive Power in Freight Train Service 


One C. M. & St. P. Locomotive Handles 2,800 Ton Trains 
on 0.7 to 1 Per Cent Ascending Grades 


By W. S. H. Hamilton 


Railway Equipment Department, General Electric Company 


numerous on mountain railroads, but are also the 

most important and difficult from a train handling 

point of view. Previous to the electrification of the Chi- 
cago, Milwaukee & St. Paul, there were no roads elec- 
trified in this country where heavy trains of ordinary mer- 
chandise were handled on mountain grades. (The Great 
Northern electrification at Cascade Tunnel and that of 
the Baltimore & Ohio at Baltimore are not considered 
because steam engines are used to assist in starting.) 
Roads carrying ore or coal entirely have an immense 
advantage in that the cars are nearly always uniform 
and usually are all-steel equipment which can withstand 
rough treatment without injury. On the Chicago, Mil- 
waukee & St. Paul the cars are of all kinds and descrip- 
tions, and in rush seasons are often loaded beyond their 
normal capacity. While an effort is made to keep the 
weakest cars at the rear of the train, still there are many 
cars in service which were not designed to transmit the 
drawbar pull required in modern heavy freight service. 
The majority of freight trains do not run on a sched- 
ule. True, there is a schedule, but it is mostly used for 
convenience in dispatching and trains are not expected 
to adhere to it closely. To handle freight most effectively, 
the locomotives should be able to get the trains over the 
division in about eight hours and yet be able to handle 
the maximum tonnage possible. To do this they should 
be able to take advantage of the profile and speed up 
wherever possible, consistent with safety. On mountain 
grades it is most economical to use helpers, and this 


eee tonnage freight trains are not only the most 


*This is the second of a series of three articles on this subject. The 
first dealt with passenger service requirements and passenger train operation 
and the third will deal with the use of helpers in freight service. The 
author acted as an instructor to engineers on the locomctives used on the 
Chicago, Milwaukee & St. Paul from December, 1915, to August, 1917, and 
from December, 1919, to April, 1920. 
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‘by the desirable power input to a single train. 


usually allows the same train weight to be handled over 
the entire division. 

On mountain grades ascending, the maximum speed 
permitted by the desirable power input to one train with 
two locomotives will usually be 15-20 m.p.h. (16 m.p.h. 
on Chicago, Milwaukee & St. Paul). When operating 
on lighter grades, ascending, the locomotive should be 
able to go faster. The maximum safe speed is probably 
about 25-30 m.p.h., but again, this speed may be limited 
ihe 
maximum safe speed on the level or “water” grades is 
somewhere between 35 and 45 m.p.h., but this varies 
considerably, depending upon the track. 

In descending mountain grades the maximum safe 
speed is about 15-20 m.p.h. and on the lighter grades 
25-30 m.p.h. 

The Chicago, Milwaukee & St. Paul freight locomo- 
tives are of the geared motor type, shown in one of the 
illustrations. The full load speed is 16 m.p.h. at 3,000 
volts and the maximum operating speed for the gear ratio 
is 30 m.p.h. The control provides three running speeds, 
two full field and one shunted. These are shown on the 
chart, together with the speed curves on accelerating 
resistances. Two regenerating connections are provided, 
one giving a speed range from about 17-30 m.p.h. and 
the other about 9-15 m.p.h. The first (parallel) speed 
is the one generally used. Motor driven exciters are 
used to obtain the necessary field excitation during re- 


generation. 
Freight Train Handling 


The couplers of a freight car are not rigidly fastened 


to it, but are connected through a friction or spring ar- 
rangement or both, which means there is considerable 
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stretch in them when transmitting a large drawbar pull. 
This is called ‘“‘slack,” and for practical purposes is taken 
as 1 foot pér car. If an 80-car train is started with all 
the slack “bunched” at the start, the locomotive will move 
80 ft. before the caboose starts. Those who have ridden 
freight trains much can best testify to the shock pro- 
duced if any attempt is made to speed up the locomotive 
until after the caboose has been started. This “slack” 
represents the most difficult problem in freight train 
handling and the first, last and most important rule in 
freight train handling is to “properly control the slack.” 


Starting a Train on an Ascending Grade Without a 
Helper 


Let us consider as the first problem in heavy freight 
train hafidling, starting a train on an ascending grade 
of not over .7 per cent with a single locomotive. On 
such a grade the train will not start back down the grade 
by simply releasing the brakes. On the Chicago, Mil- 
waukee & St. Paul one locomotive handles a maximum 
train of 2,800 tons, about 60 cars, on grades of .7 to 1 
per cent. On the Missoula division, between St. Regis 
and Deer Lodge, a maximum train of 110 cars, or nearly 
5,900 tons, has been handled by one locomotive against 
a maximum grade of .4 per cent. The first start at a 
terminal is made after the brakes on the train have been 
tested. Usually, when coupling onto the train, it is 
pulled out as much as possible before testing the brakes 
in order to see if it is all coupled and also to detect any 
short air hoses. These frequently give trouble because 
of excessive slack in the drawbars and at times a short 
extension coupler has to be put between cars in the 
hose line. 

When ready to start, the locomotive is backed against 
the train enough to bunch the head third of the train and 
is then started ahead. In starting extreme care must 
be taken not to get the head portion of the train moving 
too fast before starting the rear portion, as this is liable 
to set up shocks severe enough to pull out a drawbar. 
Since the drawbar pull required to start a car from rest 
is much more than that required to keep it just barely 
moving, a long freight train has almost to be started 
car by car and the problem is to keep the locomotive just 
barely moving until the entire train has been started. 
If the locomotive is allowed to “stall” while doing this, 
it is usually necessary to start over again. 

The engineer, therefore, in starting brings the con- 
troller to the first notch and off again once or twice be- 
fore leaving it there. (This does not mean that the first 
notch on these locomotives gives too much tractive effort, 
as it provides only enough to just about move the loco- 
motive alone, but if the controller were left in that notch 
in the beginning the locomotive would speed up too much 
and pull the slack out of the head cars too quickly.) As 
the locomotive moves, car after car is started and the 
engineer watches the ground carefully and also the am- 
meter, and when the locomotive seems to be on the point 
of stalling, brings the controller out another notch. Con- 
siderable experience is required to be able to judge just 
the proper instant, as for best results the controller must 
be moved just as the locomotive seems to be stalling with- 
out actually allowing it to do so. As soon as the loco- 
motive has traveled a distance equal to the amount of 
slack in the train, the acceleration may be increased to 
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any desired amount which is usually as near the wheel 
slipping point as it is desirable to go. This varies ac- 
cording to rail and weather conditions. 

In first starting a freight train, especially in cold 
weather, it is necessary to run it slowly for the first three 
or four miles out of the terminal in order to warm up 
the journal boxes gradually. If this is not done hot 
boxes will result. This is accomplished by accelerating 
to the series running position of the controller and allow- 
ing the locomotive to run there for several miles before 
going on into the parallel positions. This same precau- 
tion must be taken after a train has been standing for 
some time in cold weather. . 

In making an ordinary stop where there is no necessity. 
for stopping very quickly, the controller is eased off a 


Ca Min cca Sts 
Train, 


P. Freight Locomotive with a 100-Car, 5,000-Ton 
Eastbound at Thelma on the Missoula Division 


notch or two at a time until the first and second notch is 
reached, where it is left until the train stops. The inde- 
pendent brakes are then applied on the locomotive and 
the controller is shut off. This stops the train without 
shock and without any interchange of slack. In starting 
again, it is usually necessary to take slack, but quite often 
an attempt is made to start without taking the slack; 
while this may be successful, it requires a higher value of 
current. If there are any weak cars (“soft shells”) near 
the head end of the train, this practice should be avoided. 

In starting or stopping on an ascending mountain 
grade with only one locomotive, about the same proced- 
ure is followed as on the lighter grade, with the excep- 


tion that it is very difficult to take any slack without 


excessive shock to the train. However, in such cases 
the trains are not very long and can usually be started 
without taking the slack. In one case that the writer is 
familiar with it was necessary to set a few hand brakes at 
the rear of the train in order to be able to take enough 
slack and release them by whistle signal after the loco- 
motive had the train started again. 


Comparison of Steam and Electric Operation 


Before considering operation down grade, a com- 
parison may be made between steam and electric locomo- 
tives as regards their ability to start a heavy train. The 
electric locomotive is superior because in the first place 
the torque on a steam engine is not constant, but varies, 
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depending on the position of the cranks. In the second 
place, it is difficult to judge exactly the drawbar pull be- 
ing developed by a’steam engine during the time that 
the slack is being taken in the train and after the train 
has just started. Undoubtedly an experienced engineer 
can tell from the sound of the exhaust how much draw- 
‘bar pull is being developed by the engine after it is in 
‘motion, even at fairly slow speeds, nearly as well as 
can be told by the ammeter indications on an electric 
locomotive. During the times referred to, however, the 
-exhausts are so few and far between that they cannot be 
used asa guide. The effect of the expansion of the steam 
-in the cylinders is variable and difficult to judge while 
moving very slowly. This point is brought out clearly 
-in-wrecking operations, where it is desired often times 
to move a locomotive only a few inches at a time. In 
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such cases it was found to be much easier to do this 
with an electric locomotive than with a steam engine. 
The ammeter indication on the electric locomotives is at 
all times a measure of the drawbar pull being developed 
and the engineer can tell just how close the locomotive is 
to the wheel slipping point and thereby judge whether 
to move the controller another notch or not. 

After the train is in motion there is practically no dif- 
ference between the steam and electric locomotives until 
speeds of 6-8 m.p.h. for Mallets and 10-12 m.p.h. for 
simple engines are reached. Here the steam engine be- 
gins to lose torque in gaining speed, while on the other 
hand the torque of the electric locomotive can be held 
at full value until speeds beyond 16 m.p.h. are reached. 
This results in considerable saving in time in starting a 
train. 

Before taking up down-grade operation with electric 
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‘locomotives, it is well to consider this operation with 


steam engines and air brakes. When a train arrives at 
the top of a mountain grade it is stopped and a test of 
the air brakes is made by applying the brakes and noting 
that they apply properly on all cars, or at least noting 
that the gage in the caboose shows a reduction. After 
this the brakemen go over the train and turn up the 
retainers on all cars. A retainer is simply a small valve 
connected in the exhaust pipe from the triple valve. It 
is usually. mounted near the hand brake staff in an ac- 
cessible location and has a small handle which controls a 
cutout cock inside. When this handle is pointing down 
(“turned down’) the cutout cock connects the exhaust 
pipe from the triple valve directly to atmosphere so that 
when the brake pipe is recharged after an application of 
the brakes, the air from the brake cylinder can exhaust 
through the triple valve and the retainer to atmosphere 
and release the brakes on the car. This is the position 
the retainer is kept in ordinarily. When this handle is 
rotated upward 90° or “turned up,” then the cutout cock 
closes the passage to atmosphere and compels the air to 


-pass through a check valve so designed that it will open 


only with pressures in excess of 15 lb. With this con- 
dition, when the brake pipe is recharged after an ap- 
plication of the brakes, the air from the brake cylinder 
will exhaust through the triple valve and retainer until 
the brake cylinder pressure is reduced to 15 lIb., when 
the retaining valve closes and holds this pressure in the 
brake cylinder. Of course, this leaks off after a time, 
but ordinarily it may be relied on for 7 to 15 minutes 
after the retaining valve has closed. This means that the 
brakes do not entirely release when the brake pipe is 
recharged and prevents the train speeding up too much 
between successive applications of the brakes. It is this 
feature which makes mountain grade railroading possible 
with automatic air brakes on heavy freight trains. 


The train is then started, and as soon as the speed 
reaches, say, 6-8 m.p.h., a fairly heavy application of the 
brakes is made. This applies the brakes on all cars. 
This is held for a few seconds and then the brake pipe 
is recharged. The next and succeeding applications are 
lighter (about 10 Ib. reductions in the brake pipe pres- 
sure), being only sufficient to move the triple valves and 
insure a fresh supply of air each time to the reservoirs 
on the cars. The cycle of operations between successive 
applications requires about 1 minute and is divided about 
as follows: Full release 20 seconds, running position 10 
seconds, application 20 seconds, lap 10 seconds. Of 
course, these times are only approximate and are varied 
by the engineer, depending on how the train is holding 
and the speed. The train crew, in the meantime, are 
watching the cars carefully and the retainers are “turned 
down” for a few minutes at a time on any cars which 
show signs of wheels overheating. Stops are made as 
required to cool the wheels. The brakes on the loco- 
motive driving wheels are kept off during the descent to 
keep from Beed nc the tires. 

When making a stop, a full service application of the 
brakes is made, the engine driver brakes are allowed to 
apply, and just before the train comes to rest an addi- 
tional application is made, which is quite necessary. 
When the first application is made preparatory to stop- 
ping and is held on, leakage in the brake pipe through- 
out the train gradually causes the brakes to apply hardest 
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at the rear of the train, and this part of the train has a 
tendency to stop first and stretch the train out. By mak- 
ing an application just before the train stops, it has the 
greatest effect on the head end and stops that part first, 
or at least at the same time as the rear end. Failure to 
make this final application often causes trains to break- 
in-two. 

When the train is stopped, the brake pipe is recharged 
and the independent brakes are applied on the engine to 
-hold the train. As the brakes on the different cars leak 
off the train gradually bunches against the head end and 
the locomotive, but since this does not occur on all cars 
at the same time, the cars with the brakes set retard this 
bunching and thus prevent excessive shocks in the train. 
This is another very desirable feature secured by the use 
of retainers and will be referred to again. 


With the electric locomotives regeneration is used to 
control the speed and braking effort on descending moun- 
tain grades. On the freight locomotives used by the 
Chicago, Milwaukee & St. Paul, the controller is so ar- 
ranged that it is necessary to bring the main handle to 
either the full series or full parallel running position be- 
fore the braking handle can be moved to the positions to 
apply. and regulate the amount of regeneration. This 
makes the application of regeneration when “tipping 
over” the summit of a grade very easy, as the controller 
can simply be left on and the braking controller brought 
on as the speed increases. The regeneration starts grad- 
ually and the train bunches as each car in turn passes 
over the summit. ° However, when starting on a down- 
grade the application is not so easy, because of the mo- 
toring pulling out the train slack before regeneration is 
applied. 

The trains stop for an air brake test at the summit; 
this is done by making a 10-lb. reduction in the brake 
pipe pressure at the locomotive and noting whether this 
shows on the gage in the caboose. The conductor then 
makes a 10-lb. reduction by means of the valve in the 
caboose and the engineer sees it by means of the brake 
pipe gage in the locomotive. It is the usual practice to 
turn up retainers on 25 to 30 per cent of the cars, all at 
the head end of the train. These assist in controlling the 
slack in case a stop is made on the grade, as previously 
described. 


Starting a Train on a Descending Grade 


The train is then started, and if it is not all on the 
down-grade the regeneration is applied as described 
above. This same method is used on all grades of 1 
per cent or less. If, however, the start is made from rest 
on a grade of 1.5 per cent, or over, then the train is started 
and allowed to run, checking it a little at first by means 
of the independent brakes on the locomotive. - This 
bunches most of the slack gradually. When a speed of 
about 17-19 m.p.h. is reached, a light application (about 
8-10 Ib. reduction) of the automatic brakes is made, the 
independent brakes on the locomotive being allowed to 
apply. When this application becomes effective, the main 
handle is brought out quickly to the parallel running po- 
sition and the braking controller is brought on several 
notches. The independent brakes are released as soon as 
regeneration commences and the automatic brakes as 
soon as it has built up to the proper value. This proced- 
ure keeps the train bunched while regeneration is being 


Volk elZaNow 


applied and the cars with retainers assist in this, but they 
soon leak off and do not assist in holding the train after 
a few minutes. 

I*requently one of these locomotives. has to take a 
greater tonnage down a grade than it can hold by re- 
generation alone. To do this the air brakes have to be 
used to help hold the train. This condition occurs most 
often on the 2 per cent grade between Donald and Pied- 
mont. One locomotive can hold back about 2,200 tons, 
whereas the tonnage down this grade is usually 2,800- 
3,000 tons. Under these circumstances more retainers 
are turned up, though never on more than on 40-50 per 
cent of the cars (all at the head end), and after regenera- 
tion has commenced additional applications of the air 
brakes are made from time to time to control the speed, 
the driver brakes on the locomotive being kept released. 
These applications are all light (10 Ib. or less), being just 
enough to work the triple valves on the cars and most of 
the work is done by the brakes on the cars with retainers 
up. These, however, do not heat up their wheels enough 
to bother. This method is entirely successful in opera- 
tion, but is greatly facilitated by the arrangement pro- 
vided on the bipolar passenger locomotives, whereby the 
brakes on the locomotive are automatically kept released 
while the locomotive is regenerating. 

In stopping the train, the regeneration is reduced by 
moving the brake handle back a couple of notches and 
a light service application of the brakes is made, the 
driver brakes being allowed to apply. When the speed 
has decreased enough so that regeneration has prac- 
tically ceased, both handles are shut off, and such addi- 
tional applications of the brakes are made as are neces- 
sary to stop the train. 


A Correction 


The wheel arrangement of the St. Paul passenger 
locomotives manufactured by the General Electric 
Company was given as 2-4-8-8-4-2 in the January issue 
of the Railway Electrical Engineer, table I, page 12. 
This is an error and should have been given as 6-8-8-6, 
The guiding axle at either end of the locomotive with 
two driving axles form a six wheel truck. 
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King Constantine Leaving Lucerne, Switzerland 


Looking Down One of the Transverse Trucking Bridges Which Connect the Truck Platform 


Operating a Modern Freight House Efficiently 


Practices Adopted at New Orange Avenue Freight 
House of New York Central at Cleveland 


By W. E. Phelps j 


Assistant Engineer, 


N March, 1918, the New York Central completed at 
Cleveland, Ohio, its large Orange Avenue freight 
terminal, which had been several years in building and 

on which several millions had been expended to produce 
a plant combining the greatest convenience to the public, 
exceptionally efficient operating conditions, and an un- 


New York Central, Cleveland, Ohio 


The terminal as a whole, comprises a 344-mile branch 
from the New York Central’s Cleveland belt line and in- 
cludes, besides the double-track connecting line, a 1,000- 
car storage and classification yard and the 35-acre ter- 
minal yard proper containing the team yards, which will 
have about 550 cars capacity when fully developed, and 
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Floor Plan of the Freight House in Relation to the Track Layout 


usual regard for the comfort of its employees. When the 
new terminal was opened, three outbound and three in- 
bound l.c.l. stations, and one team yard, were closed, and 
all the business was consolidated at the new location. 
The stations abandoned were largely outgrown and poor- 
ly located, 50 or 60 ft. below the level of the business and 
manufacturing district which they served, while the new 
plant is less than a mile from the center of the business 
district and on a level with it. 


the freight house and its appurtenant platforms and 
house tracks occupying about 10 acres. 


House and Track Arrangement 


The team tracks range in length from 10 to 30 cars, 
with driveways 40 ft. or 37 ft. wide, the narrower dimen- 
sion having been finally determined on as standard. They 
are largely paved with good second-hand paving stone 
(on a 6-in. concrete base) removed from the many streets 
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which were vacated or changed to permit construction of 
the plant. 

The 38-ft. outbound house and the 75-ft. inbound 
house are each 1,262 ft. long and stand opposite each 
other, 156 ft. apart, with the space between them occupied 
by a 12-ft. 3-in. platform along the inbound house, and 
four pairs of tracks separated by three 16-ft. 6-in. roofed- 
over island platforms. There is no platform along the 
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The house tracks are of 28 cars capacity, and are di- 
vided into three sections of 9, 10 and 9 cars each by the 
bridges, so that the eight tracks have a total capacity of 
224 cars. With the tracks cut into these short sections, 
the bridges provide easy access to each platform at in- 
tervals, and with a platform (or house door) adjoining 
each car, door-to-door spotting of cars is entirely unnec- 
essary. The designated number of cars for each track 


Cross-Section Through the Freight House Layout, Looking Toward the Head House 


outbound house, the track-side doors of which are 19 ft. 
wide and 42 ft. apart, center to center. The two houses 
and the platforms are connected across the west end by a 
basement-and-three-story headhouse. The main floor of 
this comprises a platform 50 ft. wide, while the upper two 
stories, which extend also around over 296 ft. of the out- 
bound house, contain the house offices, record room, em- 
ployees’ cafeteria, recreation rooms, etc. 

For operating purposes, the houses and platforms are 


also connected laterally at the east end and at two inter- 
mediate points by three sets of wooden bascule-lift 
bridges 16 ft. wide, which are raised and lowered by 
hand. Signal lights, suspended from the roof above the 
bridges, automatically indicate to trainmen whether they 
are up or down: continuous-burning red light signals are 
also shown over the bumping posts at the ends of the 
eight house tracks. 


is simply set in and cut for the bridges. As a result of 
this and the modified “permanent set up” of outbound 
cars, described later, the house is pulled and set up with 
unusual rapidity. 


“Spot” Numbering System 


Freight is handled between cars and trucks all on one 
floor, the tracks and the streets surrounding the houses 
being on the same level. The inbound house has full 


Interior of the Inbound House Showing the Use of the Lift Truck Trays 


length basement and second floors, reached by seven large 
elevators; dirty and rough freight, like oil and barrels, 
baled rags, etc., is placed in the basement, and furniture 
on the second floor, but most of the freight is handled 
on the first floor; fundamentally this is a “‘one-level’’ sta- 
tion, as distinguished from some stations recently built 
in which tracks and driveways are on different floor 
levels. In the outbound house there are 55 driveway 
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doors, with an automatic five-ton dial scale located be- 
tween each pair of doors, while the inbound house has 
110 driveway doors, with six scales. . 

The “spot” numbering system for cars at the house 
gives the westerly car on each track the number 01, and 
running from that up to 28 for the easterly car, while 
each position number is prefixed by the track number, as 
101 to 128 for the cars on Track No. 1, 201 to 228 on 
Track 2, etc. Thus the same position numbers are direct- 
ly opposite on all tracks, and the system is easily assimi- 


Outbound Train Handling Special Equipment Used for Hauling 
Awkward Pieces of Freight 


lated by the men. Prominent signboards permanently 
posted on the platforms opposite each car space indicate 
the numbers. 

The equipment used ior hauling the freight between 
houses and cars comprises about 600 four-wheel trailers 
with 18-in. main wheels, about 40 low-down all-steel trail- 
ers for handling barrels, etc., and a number of new-type 
dollies. The standard type trailers have 3-ft. by 6-ft. 
platforms, rigid hook couplers, and are equipped with 
removable pipe or T-iron gates. The earlier types of these 
trailers were of the usual wooden construction, but 175 
recently purchased and put into use are of all-metal con- 
struction (except floor), with Hyatt roller bearings, and 


Typical Trailer Train—Outbound House, Showing Covered 
Trucking Bridges 


possess the unusual feature of spring suspension for all 
four wheels, primarily a floor-saving measure, as well as 
a spring drawbar device. 

Among the dollies are two special types of Stuebing 
trucks: one a six-ton capacity dolly 9-in. high, with large 
wheel faces, spring suspension and roller bearings, with 
a bed of rollers set into the frame, for handling heavy 
machinery by rolling on or off: the other a cradle caster 
type for handling the many shipments of long shafting 
or forgings with special reference to easy handling into 
the car 
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Eight Mercury tractors, seven small three-wheelers 
with 30-cell Edison batteries and developing a 600-Ib. 
drawbar pull, and one larger one for handling heavy ma- 
chines, etc., are the motive power for hauling this freight 
and equipment. Their batteries are charged at night and 
given a heavy boost at noon. Trains vary as to the num- 
ber of trailers, and range as high as 18, the average 
being about 10. In both houses the crews consist of the 
motorman and a trainman, the latter’s duties being to 
couple and uncouple trailers, watch his train to prevent 
freight from falling, etc. 


A Separate Organization for Each House 


The house organization, under a general foreman re- 
porting to the agent, consists of two entirely separate 
units, one for each house and each under a foreman. 
There are many differences in the handling of the two 


Receiving Heavy Machinery with the Help of an !-Beam Runway 
at the Door 


kinds of freight and some unusual methods are used in 
each house, so they will be described separately. 

A driver with freight for outbound shipment goes first 
to any one of three route clerks with his bills: these 
clerks, in conveniently located special booths in the house, 
have all the requisites, including experience, for properly 
routing freight. They mark one copy of the bills with 
the spot number of the car into which the freight is to 
go, and return it to the driver, together with a ticket 
showing the number of bills, time of arrival at the house, 
etc.; the driver then goes to the indicated door and the 
checker, after transferring the freight onto trailers, chalks 
it with the spot number shown on the bills, and his sym- 
bol letter, and “OK’s”’ the ticket which enables the driver 
to secure his receipted freight bills from the route clerk. 
This ticket is also marked to show the time of surrender, 
thus giving a record of the elapsed time at the station. 
The checker also marks on the ticket the time he started 
and finished handling the load. 

The average loading per trailer at this house is about 


-1,330 Ib., an exceptionally high figure which is accounted 
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for by many metal products, including auto springs, hard- 
ware, bolts, nails, wire, rods, bars and plate, and quan- 
tities of paints and oils, manufactured in Cleveland. Out- 
bound heavy steel products, machine tools, etc., are trans- 
ferred from trucks by a freight hoist consisting of an I- 
beam runway extending 9 ft. out over the driveway, and 
26 ft. back into the house, on which are two four-ton, 
geared trolley hoists, which can be worked separately or 
together, and easily handle the heaviest loads acceptable 
at the house, onto whatever equipment is needed for 
moving them to the cars. 

The loaded trailers in each section are lined up in train 
order and pulled by tractors onto the proper platform, 
the rear trailers being cut off one by one as they pass 
the proper cars. After all the loads have been cut off, 
the tractor gathers a train of empties which have been 
partially assembled by the stowers to take back into the 
house. No trailers have freight for more than one car— 
there is no “peddling.” As soon as the freight has. been 
pulled off the floor, the checker “shoots” his bills to the 
office by means of a pneumatic tube system, for rating, 
billing, etc. 

On the platforms, a head stower in charge of an entire 


Typical Trailer Movement in the Outbound House 


platform, shifts his men from point to point as necessary 
to prevent congestion at any one place, and supervises 
the loading generally. 

To minimize the back-hauling of freight which is taken 
out on a platform, marked for a car which is found to 
be full when the freight reaches it, about a dozen tele- 
phones connected with the house exchange have been 
placed on the platforms, enabling a stower to notify the 
foreman promptly when a car is filled, and a special sys- 
tem of “‘despatchers’”’ phones to each route clerk’s and 
checker’s booth allows the foreman to notify these men 
quickly of this condition. A bulletin board on which each 
route clerk’s, checker’s and stower’s loading errors are 
charged up to the individual develops: considerable rivalry 
among them. ; 

A flexible “permanent set-up” is used for outbound 
cars, which are arranged in “groups,” a group being a 
number of cars going to one principal station for unload- 
ing or further distribution. Each group is permanently 
assigned to one position on the house tracks, but the as- 
signment of cars within the group is elastic, within the 
foreman’s discretion. This elasticity obviates the neces- 
sity of switching set-backs onto precise spot locations and 
also permits making extra cars without disarrangement 
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of the set-up, at the same time giving nearly all the ad- 
vantages of a strictly permanent “set-up.” Cars are all 
set at night. The first train of outbound house freight 
leaves the yard about 45 min. after the house closes, and 
the second train soon after. 


Handling Inbound Freight 


In the handling of inbound freight the methods are — 
somewhat analogous, but differ materially in detail. Each 


firm regularly receiving sizable quantities of freight is 
assigned a certain space in the house for its freight, the 
space being marked by suspended signboards, but two of 
the six sections are assigned to smaller and less regular 
consignees whose freight is sorted and piled alphabeti- 
cally according to initial. 


Thus each consignee’s freight 


Some of the New Equipment - 


is always all together and is always found at the same 
place in the house, which is a great advantage in reducing 
confusion. ; Lt 
Tallymen at the cars load all freien on foes to the 
different sections, loading them to capacity with any num- 
ber of lots of freight. They are then hauled by tractor 
to the indicated section, and the piler-in the section dis- 
tributes it as necessary. When the lots are large enough 


Loading a Four-Ton Casting on An All-Steel Roller Top Dolly Truck 


to justify it, and the size and shape permit, the freight 

is piled directly from the trailers onto 3%-ft. by 5-ft. lift 

truck platforms awaiting delivery. About 400 of these 

platforms are in use, equipped wtih stake pockets for use 

when necessary. One Stuebing 5,000-lb. (hand) lift 

truck in each section is used to move these loaded plat- 

forms to the door for delivery, one man doing it quickly ~ 
in one easy operation. These platforms and trucks not. 
only speed up delivery and save labor, but are conducive 

to cleaner and closer piling, and thus save room, this be- 

ing a valuable feature; it is rather startling to consider 

that in ordinary freight house operation, according to 

figures from many houses, the floor space occupied by a 

ton of freight awaiting delivery, figured at fair rental 

rates, costs close to 20 cents. 
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A large refrigerator room is maintained for the stor- 
age of perishables awaiting delivery or shipment, and fa- 
cilities are provided for icing a small number of dairy 
cars. Two tracks are regularly assigned for inbound 
freight and are set at night and as often during the day 
as necessary. A comparatively small amount of transfer 
work is done in connection with the inbound freight 

work. 

The yards are piped for air, and light repairs are made 

_and air brakes are tested and cleaned as the cars stand at 
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the house for loading or unloading. A car repair shop 
is also maintained at the classification yard. 

Fire drills, with adequate apparatus, are had frequent- 
ly, and considerable attention is given to fire prevention 
work. All employees are provided with individual steel 
lockers and a high class cafeteria and a recreation room 
are maintained in the office portion of the building, 
while the house men have a comfortable basement dining 
room and lounging room, the only place in the house 
where smoking is permitted. 


Principles of Car Lighting by Electricity 


A Course of Practical Lessons Explaining the Main 
Details of This Important Application 


By Charles W. T. Stuart 


VIL.—Lighting Circuits, Distribution Panels, Fixtures, Lamps, Fans and Switches 


| | eee circuits are of vast importance with every 


type of car lighting equipment, and should they fail 

it is necessary to install emergency candle lamps 
until repairs can be made. These candle lamps are very 
undesirable, because they give poor illumination and fil 
the car with smoke. Considering their importance, car 
lighting circuits should be designed with an aim for 
mechanical strength as well as electrical efficiency. 

Fig. 1 shows a distribution panel for passenger car 
lighting. This is one of a variety of panels for car light- 
ing service and is equipped with switches and fuses for 
four individual lighting circuits. The lighting circuits 
are carried overhead in conduits, either under or over the 
roof. Fig. 2 shows a conduit diagram of a day coach. 


In this case the conduit is run over the roof with a junc- 


tion box opposite each lighting fixture. 


Car Lighting Fixtures 


Car lighting fixtures are of special construction to meet 
the exacting conditions of railway service. They are de- 
signed to some extent artistically, but more stress has 
been laid on the mechanical and illuminating features. 
The variety of fixtures in use today for car lighting 
Service is amazing. In looking over a catalog on electric 
car lighting fixtures, one may find illustrated a variety of 
over two hundred fixtures, all of which are in use on the 
various railroads today. 

There is also a variety of reflectors and glassware in 
combination with the various lighting fixtures. The car 


4 Legged 
Chandelier 


Junction Box 


lighting engineers have been giving specialized study to 
the science of illumination, consequently the manufac- 
turers of glassware have produced a great variety of 
shapes, colors and compositions in lighting glassware. 
When electric car lighting was introduced the cars were 
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Fig. 1—Crouse-Hinds Control Panel for Passenger Cars 


made of different material and of different design than 
those of today. The fixtures were more ornamental than 
serviceable. When the steel car arrived the car lighting 
engineers realized the importance of units that would not 
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Fig. 2—Conduit Diagram, Conduit Over Roof for Lighting Circuits ] 


Vol. 12, No. 2 


ELECTRICAL ENGINEER 


RAILWAY 


Arrangement 


Ir 


ixtures and The 


ious Types of F 


ifferent Cars Showing Var 


Interiors of D 


3 to 8 


igs. 


F 


February, 1921 


only generate light efficiently but give efficient illumina- 
tion also. One has only to compare the old with the new 


to appreciate the great progress that has been made in 
car illumination. 
There are many different types of cars on the railroad. 


Fig. 9—Arrangement of Fixtures in Dining Car 

Dining car, mail car, baggage car, horse car, refrigerator 
car, parlor car, sleeping car, etc., are some of these. 
The type and location of the lighting fixtures depend 


Fig. 10—Various Fixtures for Postal and Mail Storage Cars 


upon the type of car, as a fixture or reflector suitable 
for one class of car would not do for another. There are, 
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however, three general systems of car lighting in use. 

1. Center deck fixtures mounted down center line of 
the car. 

2. Large number of small fixtures mounted on the 
half deck. 

3. Combination of center and deck fixtures. 

Day Coach Lighting —Single unit fixtures with the 
open reflectors are in general use in day coaches. The 
lamps are either hung from the ceiling in a single row 
down the center line of the car, as shown in Fig. 3, or 
in two rows on the deck, as shown in Fig. 4. The single 


Fig. 11—Type of Lamp Used in Refrigerator Cars 


row in the center has the advantage over the double row 
in the deck, in that it does not require as many lighting 
units and gives better illumination for passengers to read. 

Pullman Car Lighting —The illumination of Pullman 
cars requires more study than that of the day coach be- 
cause the appearance of the fixture from an artistic stand- 
point is a big factor. For this reason the indirect, semi- 
indirect and luminous fixtures, as well as the open re- 
flector type, are in use. The illustrations give a little 
idea of the methods of lighting Pullman cars, but is far 
short of a complete outline. The fixtures in sleeping 
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Fig. 12—Mazda “‘B” Train Lighting Lamps (Bulb Classification) 


cars are placed in a single row down the center line of 
the car, as shown in Fig. 5. Each berth is illuminated 
by two small reading lamps. Sleeping cars are also 
equipped with aisle night lights which are used to illu- 
minate the aisle when the center lights are switched off. 
They are located under the seat ends. 

Pullman parlor and club cars are illuminated on the 
same principle as the sleeping car, with the exception 
that they have small lamps along the deck over the chairs 
instead of the berth lamps. See Figs. 6, 7 and 8. 

The fixtures in dining cars are usually located in a 
single row down the center line of the car with the addi- 
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tion of small bracket lamps on the side walls over the 
table, as shown in Fig. 9. 

Postal cars are equipped with fixtures in a single row 
down the center line of the car and over the letter cases. 
The post office department specifications call for a cer- 
tain amount of light at the various stations throughout 
the car, therefore the efficiency of the lighting units: must 
be maintained to comply with these specifications. Fig. 
10 shows a variety of units for postal and mail storage 
cars. 

The private and business cars are illuminated along 
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Fig. 13—Mazda ‘‘C”’ Train Lighting Lamps (Bulb Classification) 
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the lines of the various Pullman cars, but the fixtures 
are designed with an aim for a pleasing appearance more 
than illuminating efficiency. 

Refrigerator car lighting requires fixtures and switches 
of a very different design from those used in passenger 
coaches. For example, Fig. 11 shows a vapor proof 
fixture that is used for lighting the refrigerators in this 
particular type of car. These cars are designed with a 
large refrigerator at each end of the car, the doors of 
which open into a small compartment located at the 
center of the car. The refrigerator lights are controlled 


Fig. 14—Safety Ceiling Fan 


automatically by a push switch operated by a strike which 
is attached to the refrigerator door. 


Train Lighting Lamps 
Train lighting lamps are subjected to violent vibration 
and therefore require more rugged construction than 
incandescent lamps used for other purposes. There are 
two types of train lighting lamps in use today, the mazda 


B train lighting lamp and the mazda C train lighting 
lamp. 
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The mazda B lamp is a vacuum type lamp with a 
tungsten filament, and is used in various sizes and shapes. 
Referring to the table and to Fig. 12 it will be noted that 
the mazda B lamps are used in sizes ranging from 10 to 
50 watts and ‘with four different sized and shaped bulbs. 
It will also be noted that the 50-watt mazda B lamp gen- 
erates approximately 500 lumens of light or 10 lumens 
per watt of power consumed. 

The mazda C lamp is a gas filled lamp and is also 
used in various sizes and shapes. The train lighting 
lamp table shows that these lamps are used in sizes rang- 
ing from 50 to 100 watts and with three different sized 
bulbs, as shown in Fig. 13. . 

The mazda C lamp has an advantage over the mazda 
B lamp, having a higher efficiency. In other words, the 
mazda C lamp gives more light per watt of power con- 


sumed than the mazda B lamp. For example, we stated -— 


above that the 50-watt mazda B lamp generated approxi- 
mately 10 lumens per watt of power consumed. By re- 
ferring to the train lighting lamp table it will be seen that 
a 50-watt mazda C lamp generates 739 lumens of light, 


Fig. 15—Safety Ceiling Fan With Lamps Attached 


) 
or approximately 15 lumens per watt of power con- 
sumed, which is, indeed, an improved efficiency. 
Classification of Bulbs—The numbers and letters that 
are used to designate the various shaped bulbs may ap- 


pear confusing at first sight, but a little study of Figs. 


12 and 13 will illustrate the following: The round bulbs 


are marked with the letter G, meaning globular. The 


straight side bulbs are marked with the letter S, mean- 
ing straight side. The pear shaped bulbs are marked 
with the letters PS, meaning pear shaped. 
The numbers designate the extreme diameter of the 
bulb, expressed in 1%” units as follows: 
5-17 bulb is 17 x %", or 2a 
5-19 bulb is 19 x. 1%", ore2.G758 
G-18%% bulb is 1814 x 1%”, or 2.31” 
G-30 bulb is 30 x %", or 3375" 
P-20° bulb is 20. x 14”, Jormgeae 
P-22 bulb is 22 x 1%” vors2yeu 
PS-25 bulb is 25 x 4%”, or ga2ae 
TABLE OF TRAIN-LIGHTING LAMPS 
Standard Schedule 


; Lumens 
Watts Volts Lamp Bulb Lumens per watt 
10 30-34 nadza ‘‘B’ S-17 94 9. 
10 30-34 mazda ei? G-18% 87 8.7 
15 30-34 mazda ‘‘B”’ S-17 144 9.6 
15 -- 30-34 mazda ‘“‘B’ G-18% 137 9.14 
25 30-34 mazda “B” S-17 244 9.76 
25 30-34 mazda ‘‘B” G-18% 231 9.24 
50 30-34 mazda ‘‘B”’ S-19 06 10.1 
50 30-34 mazda “B”’ G-30 515 10.3 
50 30-34 mazda. PS—20 739 14.78 
75 30-34 mazda. C” PS—22 1,210 16.12 
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Intermediate Schedule 


Lumens 

Watts Volts Lamp Bulb Lumens _ per watt 
15 60-65 mazda ‘‘B” S-17 137 9.14 
15 60-65 mazda ‘‘B” G-18% 131 8.74 
20 30-34 mazda ‘‘B” S-17 195 9.75 
20 30-34 mazda ‘‘B” G-18% 185 9.25 
25 60-65 mazda ‘‘B” S-17 239 9.57 
25 60-65 mazda ‘‘B” G-18% 221 8.85 
50 60-65 mazda ‘‘B” S-19 506 10.1 
50 60-65 mazda ‘“B” G-30 515 10.3 
ae 60-65 mazda ‘‘C” PS-22 993 13.23 
100 30-34 mazda —“C” PS-25 1,676 16.76 
100 60-65 mazda ‘‘C” FS-25 1,461 14.61 


Meaning of the Word Lumen.—tThe table shows the 
quantity of light generated by each lamp expressed in 
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Fig. 16—Parts of a Snap Switch 


lumens. A lumen of light flux is the flux emitted in a 
unit solid angle by a point source of one candle power. 
fee late standardization rule 857.) That-.is, a 
lumen has been agreed upon as that quantity of light 
flux which is radiated in a unit solid angle from a one 
candle true point source. 

A unit solid angle is the unit of solid angular measure- 
ment. It may be defined as that solid angle, subtended 
at the center of a sphere of unit radius by a unit area 
on the surface of the sphere. Also a unit solid angle 
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Fig. 17—Circuit Diagrams Involving Snap and Push Switches 


may be defined as the solid angle subtended at the center 
of a sphere by an area on its surface, equal to the square 
of the radius. There are 12.57 unit solid angles about 
any point in space; that is, any sphere contains 12.57 unit 
solid angles. 


Electric Fans for Passenger Cars 


There are two types of fans in general use, the ceiling 
type and the bracket type. The ceiling type is mounted 
in a single row along the center line of the car. Bracket 
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fans are mounted on the bulkhead, one at each end of the 
car and direct the currents of air down the center of the 
car. 

The Safety Ceiling Fan, Fig. 14, controls the direction 
and distributes the air blown from it. It consists of a 
motor, an air propeller, an air deflector or distributor, a 
supporting base and a frame or cage for proper assembly 
of the parts. The air deflector consists of a series of 
small parallel planes arranged in two sections within a 
circular band. These planes are so disposed at an angle 
to the air propeller as to direct the air movement into 
the form of a cone when the planes are rotated about the 
axis of the fan. The maximum velocity of the air is 
within a zone of 30 deg. to 45 deg. to the perpendicular 
and tapers off to zero directly beneath the fan and at 60 
deg. to the perpendicular. The planes of the air deflector 
are arranged symmetrically each side of the axis so that 
when they rotate they produce a movement of the air at 
intervals of about twenty times a minute. This feature 
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Fig. 18—Push Button and Knife Switches. 
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Plug Cutouts 


of intermittent breeze eliminates that steady gust of air 
common to many types of electric fans. The current 
consumption of this fan is 75 watts. The Safety fans 
in some cars are equipped with lighting fixtures, as shown 
in ioe 


Switches and Cut Outs 


Snap Switch—Fig. 16 shows the various parts and a 
complete snap switch. The snap switch blades are of the 
knife type and the contact jaws are of spring bronze. 
The switch is actuated by a spring. As the hard rubber 
handle is turned the spring tightens and the eccentric 
on the spindle forces the stop out through the cam point, 
where it is released just when the spring is at proper 
tension to throw the blades. In this manner the blades 
are thrown to the “on” and “off” position, as desired. A 
disc indicator turns with the switch blades and shows the 
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position of the switch through a small hole in the switch 
cover. 

Single Pole Snap Switch—A single pole snap switch 
is connected in one side of a circuit and controls the cir- 
cuit by opening and closing the one line. 

Double Pole Snap Switch—A double pole snap switch 
is connected in both sides of the circuit and controls the 
circuit by opening and closing both lines. 

Three Way Snap Switch—A three way snap switch 
has three points—a main and two auxiliary. The main 
point is thrown in contact with one of the auxiliary 
points and then the other alternately. Three way 
switches are used in many ways. They may be used in 
pairs, where. by the use of two three way switches a 
circuit may be controlled at two points. 

Four Way Switches—Four way switches have four 
points of contact. One or more four way switches in 
conjunction with two three way switches may be used to 
control a circuit at as many points as desired. 

Electrolier Switches —Electrolier switches are used in 
many ways. By their use fans may be operated at va- 
rious speeds, and the individual lamps of a group may be 
controlled in various combinations by successive snaps 
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of the switch. Circuit diagrams, in which all of these 
switches are used, are shown in Fig. 17. 

Push Button Switches—The push button switch is 
constructed on the same principle as the snap switch, 
having knife type switch blades and spring bronze con- 
tact jaws. The contacts are operated by a spring when 
the button is pressed. The button with the pearl center 
indicated current “on.” Push switches are manufac- 
tured in the same types as described in the snap switch. 

Knife Switches——A knife switch consists of a porce- 
lain or slate base upon which is mounted the knife blades, 
spring contacts and terminals. The blades are equipped 
with an insulated handle’for operating. Knife switches 
are used to control circuits which carry heavy currents. 
Fig. 18 shows single and double pole single throw 
switches, respectively. Double throw knife switches are 
used for special applications, such as throwing a power 
or lighting circuit from one source of current supply to 
another, etc. 

Plug Cut Outs—Plug cut outs are connected in the 
lighting and fan circuits to protect them. They consist 
of a porcelain base with receptacles that carry plug fuses, 
and have suitable terminal posts. 


Temperature Rise in Headlight Generators 


Curves Plotted from Tests Made Show That Excessive 
Armature Heating Is Due to High Brush Pressure 


INCE the application of electric headlights to steam 
S locomotives, many questions have arisen in connec- 

tion with the maintenance of locomotive electric 
headlight equipment. The subject discussed in this ar- 
ticle is the temperature rise in a steam turbo-generator 
set and its relation to the heat of the locomotive which 
it serves. A 500-watt, 32-volt, d.c., ball-bearing, stand- 
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Fig. 1—Method of Determining Commutator Temperature and 
Brush Spring Tension for the Heat Test of a Headlight Turbo- 
Generator Set. 


ard design headlight generator is the type of machine 
under discussion. 

In order to make a complete study of this nature, it 
was necessary to have a 400-deg. F. thermometer for 
taking the temperature of the steam, which was done by 
inserting the thermometer in a well in the intake pipe to 


_* Note: A record of tests and observations made on the Cleveland, Cin- 
Ae YS se & St. Louis Railway Company by G. W. Ferling and F. K. 
itchell, 


the turbine. A 300-deg. I. thermometer was used to 
take the temperature of the field coils and a similar ther- 
mometer was used to take the air temperature of the test 
room. The voltage across the armature was measured 
with a Weston voltmeter. The tension of the brush 
springs was obtained with a spring balance graduated 
in pounds and quarters up to ten pounds. Commutator 
temperatures were taken with a 500-deg. pyrometer which 
had a special constructed thermo-couple. The thermo- 
couple was made of five flexible iron and German silver 
couples in series each so arranged as to lay beside the 
other and insulated with double cotton treated with 
sodium silicate. During all test work this sensitive 
couple was kept heated by placing it near the intake pipe 
of the turbine, to a temperature slightly lower than the 
anticipated temperature of the commutator, so that when 
applied to it a minimum of time would be required for it 
to register a constant temperature. When a commutator 
temperature was to be observed the turbine was stopped 
and the couple applied to the commutator, as shown in 
Fig. 1, with an asbestos pad placed over it to reduce 
radiation. The thermo-couple and pyrometer were cali- 
brated to a 400-deg. F. laboratory thermometer before 
and after the tests. By the use of the thermo-couple 
method very accurate temperatures of the commutators | 
were obtained. 

The test was divided into three parts in order that the 
performance might be observed under the average as well 
as the most severe conditions. The first section of test - 
was conducted on the turbo-generator test rack in the 
shop. The armature used was given a running balance 
test. The commutator was cleaned, sanded and the mica 
was under-cut before starting each test. The winding 
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leads were soldered into the commutator with 50/50 wire 
solder, having a melting point of approximately 380 deg. 
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field coil tempterature were taken simultaneously with the 
temperature of the commutator at half-hour intervals for 
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TABLE 1 
Condition Spring tension, lb., total (Max.) 
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Condition of turbine armature 
S—Solder thrown from at least one lead. 
SS—Solder from at least half of leads. 

SSS—Solder from all leads, commutators worn. 


Table 1 Showing: 
Key— 


and spring tensions on brushes of same turbines. 


F. The millivoltmeter test when applied showed the 
armature to be in the best of electrical condition. 

For the first run the brushes were adjusted to a spring 
tension of 144 pounds by means of the spring balance, 
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Chart 1—Showing the Relation of the Length of Run to Turbine 
Temperatures With a Spring Tension of 1.5 Ib. total or a Brush 
Pressure of 2.4 Ib. per sq. in. Turbine on Shop Test Rack. 


as shown in Fig. 1, care being taken that the scale hook 
was exactly between the spring and the brush and that 
the pull was along the center line of the brush. The 
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Chart 2—Showing Relation of the Length of Run to Turbine 
Temperatures With a Spring Tension of 3 lb. Total or a Brush 
Pressure of 4.8 Ib. per sq. in. Turbine on Shop Test Rack. 


reading was taken with the brush spring lifted approxi- 
mately 1/16” from the brush. 


Readings of steam temperature, air temperature, and 


a period of four hours. The second and third runs of 
this section of the test were identical with the first, ex- 
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Chart 3—Showing the Relation of the Length of Run to Turbine 
Temperatures With a Spring Tension of 6 Ib. Total or a Brush 
Pressure of 9.6 lb. per sq. in. Turbine on Shop Test Rack. At the 
End of the Above Run Although the Commutator was Slightly Out 
of Round (Solder Had Been Thrown From Five Leads), a 24-hour 
Uninterrupted Run With 1.5 Ib. Brush Spring Tension Disclosed 
No Further Damage to the Commutator and the Final Commutator 
Temperature Was 252 Deg. F. 


cept that the brush tension was made respectively three 


and six pounds. Charts 1, 2 and 3 show graphically the 
results of these three tests. 
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Chart 4—Showing the Relation of the Length of Run to the 
Turbine Temperatures With a Spring Tension of 1.5 Ib. Total ora 
Brush Pressure of 2.4 lb. per sq. in. Turbine on Locomotive. 


The second section of the investigation which was car- 
ried on in the field was in the nature of a brush tension 
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inspection. Ninety-two turbines in operation were in- 
spected, the results of which are shown in Table No. 1. 

The third part of the test was conducted with a gen- 
erator in actual operating conditions on a locomotive in 
freight service. This test was almost identical with the 
shop test. A record was kept of whether the locomotive 
Was running or standing when each set of readings were 
taken, so that the radiation effect could be noted. The 
results of these observations are shown on Charts 4, 5, 6 
and 7. 

The load carried in all tests consists of seven 15-watt 
and one 250-watt lamps, a total of 370 watts. At 32.5 
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Chart 5—Showing the Relation of the Length of Run to the 
Turbine Temperatures With a Spring Tension of 3 Ib. Total or a 
Brush Pressure of 4.8 Ib. per sq. In. Turbine on Locomotive. 


volts this gives a current of 11.4 amperes and with 
brushes having an area of 54 square inch, a current 
density of 18.2 amperes per square inch. This amount 
is 51 per cent of the safe value of 35 amperes per square 
inch, with one volt drop.at contact. Consequently, any 
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Chart 6—Showing the Relation of the Length of Run to the Tur- 
bine Temperatures With a Spring Tension of 4.5 Ib. Total or Brush 
Pressure of 7.2 lb. per sq. in. Turbine on Locomotive. 


heating from this source is neglible, as even an inferior 
grade of carbon brush could operate satisfactorily under 
the conditions. 

In the first test, as well as in all tests conducted, the 
steam enters the turbine at a temperature of approxi- 
mately 350 deg. F. and the turbine end of the machine 
may be considered to be at this temperature. The con- 
duction area between the boiler and the turbine bed plate 
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is only six square inches and the boiler shell is approxi- 
mately 19 in. by the shortest conduction path from the 
commutator, whereas, the conduction area between the 
turbine steam space and the commutator is approximately 
51% sq. in. with the shortest conduction path of 12 inches: 
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Chart 7—Showing the Relation of the Length of Run to the 
Turbine Temperatures With a Spring Tension of 6 Ib. Total or 
Brush Pressure of 9.6 Ib. per sq. in. Turbine on Locomotive. 


If, then, the commutator end, which is the seat of the 
greater part of all the armature trouble experienced, is 
considered, the heating effect due to the steam end of the 
turbo-generator would be greater, either due to radiation 
or conduction. The field coils would show the higher 
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Chart 8—Showing the Relation of the Length of Run to Com- 
mutator Temperatures for Brush Spring Tensions as Shown In 
Pounds Total at the End of Each Curve. 


temperatures and the steam end of the armature would 
be the first to be affected from heat coming from the 
steam end. But from a comparison of the field coil tem- 
peratures in tests one and four, with brush tension at 1.5 
pounds, it will be seen that field temperatures are less 
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than 160 deg. F., approximately 45 per cent of the tem- 
perature of the steam, and in no wise dangerous to the 
insulation. Reference to Chart 4 will show that at the 
end of a three-hour road test the temperatures of the 
commutator and the field are practically the same. It 
is also to be noted that the radiation due to currents of 
air and wind while locomotive is in motion is the cause 
of the reduction in temperature. 

A study of Charts 1 to 3, inclusive, will show that 
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Chart 9—Showing the Effect of Brush Tension on Commutator 
Temperatures 


under normal load with constant steam temperature, 
speed, and voltage the commutator is dependent upon 
brush tension, while the Charts 4 to 7 show that tempera- 
ture is affected, up to three pounds brush tension, by the 
state of rest or motion of the locomotive. Beyond three 
pounds brush tension it is interesting to note that the 
movement of locomotive does not affect the temperature 
of the commutator, the temperature rise being due to 
brush tension. 

The results of tests one to seven, inclusive, as far as 
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Chart 10—Showing Armature Failures Per Month and Approximate 
Repair Cost 


concerns commutator temperatures for the various brush 
tensions are shown on Chart 8. It will be noted that for 
1.5 pounds brush tension, which is equivalent to 2.5 
pounds per sq. in., the heating of the generator is not 
sufficient to be dangerous to any part, for even the solder 
used has a melting point of approximately 380 deg. F. 
It follows, therefore, that the combined other causes of 
heating, such as brush contact resistance, eddy currents, 
hysteresis, radiation or conduction from the steam end of 
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the turbo-generator or from the locomotive boiler, is not 
sufficient to be dangerous to the machine and thatthe 
important temperature source is excessive brush tension. 

Reference to table No. 1 shows that 44.5 percent of 
the 92 turbine armatures were in good condition, 7.6 per 
cent in fair condition and 32.7 per cent were just starting 
to throw solder, 5.4 per cent had thrown solder from at 
least half of the leads and 9.8 per cent had thrown solder 
from all the leads. The brush spring tension on the same 
turbines shows that 44.6 per cent were 2.5 pounds or less, 
13.1 per cent were between 2.5 pounds and 2.75 pounds, 
26.2 per cent were between 2.75 pounds and 3.5 pounds, 
9.8 per cent were between 3.5 pounds and 4.5 pounds and 
4.3 per cent between 4.5 pounds and 6 pounds. From 
these results it may be seen that there is a very close re- 
lation between the brush tension and the condition of the 
armature and that this condition is dependant upon the 
brush tension. Chart 10 shows the armature fail- 
ures per month for seven months ending Dec. 31, 1920. 
Note that these failures have decreased during the month 
of December. It is also to be noted that the number of 
armature failures is not dependent on the air temperature 
to the same extent that it is to the length of time the 
turbine is in use for the failures during the summer 
months average only 31.3 per month, as compared with 
44 per month for autumn, which, even though colder, 
have many more hours of darkness. The decrease in 
armature failures during the month of December is at- 
tributed to closer inspection and adjustment of brush ten- 
sion, for it has been clearly demonstrated to all in charge 
of headlight maintenance that temperature rise in head- 
light armatures, melting the solder, etc., is not due to the 
heat from the locomotive but from excessive brush fric- 
tion obtained by high brush tension. 


New Suburban Steel Cars for the 
Lackawanna 


if keeping with its general policy of replacing wood 

passenger coaches with steel equipment the Dela- 
ware, Lackawanna & Western railroad has recently 
placed in its suburban service 30 steel passenger cars 
and 5 steel combination smoker and baggage cars. From 
the fact that the cars are practically the same as the 
other steel equipment operating in this service it is indi- 
cated clearly that the type of coach which the Lacka- 
wanna has adopted has given entire satisfaction. The 
new cars are equipped with cane seats and are capable 
of accommodating 90 passengers. The interiors are fin- 
ished in imitation mahogany. 

Lighting 

The lighting arrangement, as may be seen from the 
photograph, consists of one row of nine single lighting 
units. The fixtures used are manufactured by the Safety 
Car Heating & Lighting Company, the glass bulbs or 
shades being known as “Corona 3876.” These lighting 
units are spaced 6 ft. apart, the entire length of the car, 
and each unit is equipped with one 30-volt, 50-watt, Type 
C Mazda PS. 20 bulb. The resulting illumination is 
most excellent. In addition to the row of lighting units 
down the center of the car there are two 25-watt lamps, 
one on each platform, and one 25-watt lamp in the toilet. 
The platform lamps are mounted in recesses in the car 
ceiling and are located directly over the center of the 
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platform. By mounting the lamps in this manner the 
liability to breakage is very much less and still the 
illumination is ample to meet the requirements. 

All of the new cars are equipped with two-wire train 
lines of No. 4 B. & S. stranded conductors. Jumbpers 


for connecting one car to another in the event of light 
failure on any car are also available. These jumpers are 
composed of 133 strands of small wire in order to secure 
a maximum flexibility which may be interpreted as a 


One of the New Coaches 


maximum of life. The wiring which supplies energy 
to the lighting units in the car is carried in a conduit run 
located between the head lining and the car roof, outlet 
boxes being spaced every 6 ft. to coincide with the fix- 
tures. In the switching panel, shown in the upper part 
of one of the photographs, are located two 10-ampere, 
indicating, double pole snap, switches by which the car 


Lighting Arrangement of the New Cars 


lighting is controlled. One of these switches is con- 
nected to four of the center lighting units and the two 
platform lights, while the other switch controls five of 
the center lights and one 25-watt lamp in the toilets. This 
arrangement divides the load fairly even on the two cir- 
cuits since one of them has an energy consumption of 
250 watts while the other consumes 275 watts. 


Volk IZ Nove 


The double. pole knife switches designated as A, B 
and C on the photographs are the battery switch, the main 
lighting switch and the train line switch respectively. The 
100-ampere, flat, metal link fuses connected to the lower 
terminals of these switches are of the type manufactured 
by the Chicago Fuse Company. The wiring is so ar- 
ranged that in the event of a fuse blowing the disrupted 
part will fall away from the live side of the circuit which 
is connected to the upper part of the switch. 

A battery switch A connects the two leads of the stor- 
age battery to the lighting circuits through the main 
lighting switch B. Current is brought to the switch B 
from three different sources at different times, the usual 
sources being the battery on the car itself and the gen- 
erator. A third source is from the battery or generator 


Generator and Lighting Panels 


of an adjoining car in the case of failure of current 
supply. 

The generator regulator panel is of the Gould type 
B-B-9-B and the lamp regulator is the M-2 type. Or- 
dinarily, the panel is adjusted at 3614 volts, open circuit. 
With this adjustment a current of 45 amperes plus the 
lamp load is developed by the generator. 
current flowing the differential winding on the potential 
coil allows the generator voltage to rise to approximately 
39 volts. This is sufficient to maintain the lights satis- 
factorily during the spring, summer and fall months. In 
the winter time, however, due to the lower temperature 
prevailing, the battery requires higher voltage in order to 
charge it to the same degree as in the summertime. For 
this reason the voltage limit must be set higher in order to 
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compensate for the higher voltage required to charge 
a cold battery. On the other hand, the potential coil be- 
ing cold, the panel has a tendency to operate at a lower 
maximum voltage. This also must be compensated for 
and it has been found that a weight, IV, 4 oz., sufficient 
to raise the voltage setting of the panel about 4 volts is 
required on the voltage lever arm. About November 1, 
if the weather is becoming severe, this weight is dropped 
on the pin of the voltage coil lever arm. Another weight 
L, 2 in. in diameter and 1 in. thick is made of iron and 
is mounted upon a stud which is screwed into a hole bored 
in the current lever arm. The purpose of this weight is 
to raise the ampere setting from 45 amperes to 60 am- 
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peres. This adjustment has been found necessary in 
suburban service on account of the very short runs. 
More current is required by the cars in this service 
throughout the year and this additional weight on the 
current lever arm automatically takes care of any ex- 
cessive burning period of the light and consequently pre- 
vents the exhaustion of the battery. 

The battery equipment of the new cars consists of 16 
lead cells housed in 8 double compartment, lead lined 
trays of the skeleton type. These trays have chest 
handles. The cells are of the Gould C L S 13 type, of 
300 ampere hour capacity equipped with hard rubber 
covers. The trays are equivped with porcelain skids. 


The Reason Why Some Fusion Welds Fail’ 


Hardening Effect of Welding Heat Graphically Demonstrated 
and the Effect of Annealing Shown 


By T. D. Sedwick 


Engineer of Tests, Chicago, Rock Island & Pacific, Chicago 


N case of poor results from fusion welding shown either 
by laboratory tests or actual service, the inclination is 
to attribute such results to the material used, the 

method of making the weld, a poor operator, or the con- 
tributing effect of all three of these factors. 

But there are other points that enter into the final re- 
sults, and two of the important ones are as follows: 

First—Was the metal in the casting or forging in such 
a physical condition that it was fit to be welded and after- 
wards give good service; did the metal originally fail 
on account of the presence of segregation of the various 
chemical elements; did it contain blowholes, porosity, or 
were there thermal stresses left from the original forging 
or casting operations; had the previous service fatigued 
the metal to the extent that it was inherently weak? 

Second+Was the original metal adjacent to the weld 
deleteriously affected by the welding operation? 

Some take the first mentioned factors into considera- 
tion, but I do not believe that very many, particularly 
the shopmen, give much thought to any action which 
may take place on the original metal. Tests and ob- 
servations made on failed material and special test 
specimens have shown that welds fail, although good con- 
ditions prevail in all other respects. 

Investigation on various welds has shown that in the 
majority of the cases, especially in certain classes of ma- 
terial, the welding heat or the process of preheating has 
affected the metal in the sections being welded, causing 
a transformation of the physical structure of the steel, 
and in case of localized high temperatures the main body 
of the material absorbs the heat so fast that there results 
a quenching action on the heated metal. In the majority 
of instances the extreme hardening action will be lo- 
calized near the surface immediately adjacent to the added 
metal. In some cases of preheating it has been shown 
that the high temperature causes a change in the physical 
structure of the metal, and while it is not usually so lo- 


_*From a paper read before the American Welding Society, Chicago Sec- 
tion, December 22, 1920. 


calized as in the case of the action of the welding heat 
alone, thermal stresses are set. up in addition to those 
created by the heat of the welding process. These con- 
ditions have been found in material of thick sections 
where the heat would not be readily absorbed throughout 
the section and where the chemical content, especially the 
carbon, was such that it rendered the metal readily 
susceptible to structural changes, resulting in a hardened 
condition. 

To illustrate some cases of this kind photographs have 
been secured showing several special tests and also some 
examples of failed material. A great many of these tests 
were made to demonstrate to the shopmen, that in the 
majority of the cases proper annealing should be done 
after the weld has been completed and that a thorough 
annealing would improve the physical condition of the 
metal, thereby causing it to render better service; this 
thorough annealing to be made by placing the metal in 
a furnace and giving it a soaking heat and then cooling 
it so that the whole mass could adjust itself to a uniform 
condition throughout. 

The idea of causing a self or automatic annealing to 
take place by preheating is going at the proposition back- 
wards and trusting to luck that we have not done more 
damage than good. It is necessary at times to preheat 
to take care of the shrinkage strains which might be set 
up in certain sections during the cooling after welding. 
What I am advocating is that after this has been done, 
we follow out a thorough annealing program. In this 
way any strain or hardened condition that has been set 
up by preheating, or by the welding heat, will be elim- 
inated and we will then have a product the service of 
which will depend mainly on the quality of the material 
in the weld, and the perfection of the weld. 

There are certain zones in any torch flame that are of 
a higher temperature than others, and as it too often 
happens that a sufficient length of time is not taken in 
preheating to permit a soaking heat, more or less locally 
heated areas are produced that multiply the thermal 


86 RAILWAY 
stresses not climinated during the subsequent period of 
cooling. 

In the majority of the shops, especially the larger 
shops, where special annealing furnaces have not been 
installed, there are always some furnaces of sufficient 
size in which at least the smaller castings and forgings 
could be annealed, and this annealing could be done at 


Fig. 1—Etched Cross Section of a Failed Piston Rod; the Crosshead 
Fit Had Been Built Up by Electric Welding 


a comparatively low cost. At the close of the day, as 
space is being left unoccupied by the regular work of 
the shops, the welded material could be placed in the 
furnace and be annealed over night without any material 
increase in the cost of fuel. This plan would not check 
production of the regular work. 

Too little attention is given to annealing in general 
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have been produced. On reforging, further stresses may 
be set up and then without annealing to refine the grain 
and remove these stresses the forging will be returned 
to service. While it may give some service, if we had 
gone a little further and treated it properly, the extended 
service, in my opinion, would have been sufficiently great 
to more than justify any extra trouble or expense in- 
volved in a final annealing after forging. The same 
thought applies to welding of failed material: 

There are a great many misconceptions of the process 
of annealing and a great many shopmen fail to observe 
the rule that it requires time for a piece of steel to adjust 


(a) (b) 


Fig. 3—Microphotographs of the Metal in the Piston Rod before 
Annealing; (a) the Added Metal and the Heat Affected 
Area; (b) Normal Structure at Center of Rod 


itself to the annealing temperature and be uniformly 
heated throughout. For instance, on one particular forg- 
ing which the workman was instructed to anneal thor- 
oughly he advised that he was doing so. But later it 
was found that he was simply sticking the forging into 
a blacksmith fire so that the welded area was buried in 
the fire. Under such conditions, while the extremely lo- 
calized, highly affected areas will be removed, minor 
stresses will be set up back along the forging. To do 
the job right the forging as a whole should have been 
subjected to the annealing heat. 

With such methods it is hardly fair to expect 100 per 


(a) 
Fig. 2—Two Halves of the Face Opposite to That Shown in Fig. 1 


even in cases where no welding is done. In reclamation 
plants, where old material is re-worked, a worn out or 
failed forging will be reforged. When originally forged 
thermal stresses may have been set up in this material 
and not removed, or the material may have been over- 
heated or even burnt. Later, during its actual service, 
fatigue stresses and unsatisfactory physical structure may 


(b) 
After Annealing; (a) Cooled in the Furnace; (b) Cooled in the Air 


cent service out of material to which we have added or 
in which we have produced unsatisfactory conditions 
rather than reduced them. I am not looking at this mat- 
ter from a strictly theoretical standpoint; the tests and 
the various failed material which have come to our at- 
tention justify these remarks. In a great many cases 
the only reason that a new forging may give good service 
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is because the designer has allowed for such a great factor 
of safety that the shopmen can do almost anything with 
the material, and there will still be some service left. 
Assuming that a designer had originally made provisions 
for a factor of 10 and later the section was broken and 


(b) 


Fig. 4—Microphotographs of the Two Pieces Shown in Figs, 2: 
after Annealing; (a) Cooled in the Furnace; (b) Cooled in the Air 
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welded, this weld in reality may have a factor of five. 
The designer attempts to take into consideration not only 
the ordinary service requirements, but abnormal require- 
ments that the material might need in case of emergency. 
If we have reduced this factor 50 per cent, the material 


Fig. 5—Example of the Effect of Erratic Action by the Operator 
on the Uniformity of Heat Penetration 


might be able to go along in ordinary service with safety 
but for the emergency cases we may have eliminated the 
safety margin entirely. Sometime during the life of the 
material, it is going to run into extreme conditions. Then, 
if we have not taken the proper precautions, it will fail. 
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Fig. 6—Hardening Effected by Adding Metal Without Preheating— 
Electric Arc 


Even where the welder has increased the cross-sectional 
area the failure can be traced to some of the conditions 
mentioned above. 

The photographs were taken in connection with some 
of the tests already mentioned, to illustrate the zones 
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affected by the heat and the hardening effect of the weld- 
ing operations. The method of bringing out visibly these 
hardened areas or structural differences without magni- 
fication involves the same procedure that can be used in 
checking the extent of the hardened or tempered areas 
in tools, such as chisels, hatchets, etc., and is compara- 


Fig. 7—The Hardness Removed by Annealing 


tively simple. The surfaces are given a rough polish 
and dipped in nitric acid of specific gravity 1.13, or where 
this is not practicable the acid may be poured over the 
Steel: 

The hardened areas referred to, in a great majority of 
steels will correspond to the hardness that would have. 
been produced had the steel been heated and quenched. 


Fig. 8—Metal Added After Preheating With the Arc 


In some of the tests illustrated strips were taken from 
the specimens so as to embody metal from the extremely 
hardened zones only, and then from adjoining positions 


Produced by Preheating With the Arc—No 
Metal Added 


Fig. 9—Hardness 


progressing successively into the unaffected metal. It 
was found that in the zones where the hardened condi- 
tion was highly localized these strips would not bend 
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over 15 deg. before breaking or snapping off, but after 
annealing they could be bent flat on themselves, the same 
as the original metal. 

A failed piston rod on which the cross head fit had 
been built up by the electric welding process is shown in 
Fig. 1. The photograph shows the added metal on the 
outer area around the circumference and between this 
and the interior metal in the rod is a scallop-shaped area 
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two cases this was a matter of etching to differentiate 
between the added metal and the metal in the rod proper, | 

Fig. 3 shows microphotographs of the metal in the | 
rod before annealing; a shows the added metal and the 
heat affected area in the rod, b the normal structure in 
the center of the rod, all at a magnification of 100 diam- 
eters. Figs. 4a and b are the microphotographs (100 
diameters) of the two annealed pieces shown in Fig. 2. 


| 
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Fig. 10—Hardening Effect Produced by 
Preheating with Oxy-Acetylene Torch 
—No Metal Added 


affected by the welding heat. This represents the con- 
dition of the metal in the rod at the time of the failure. 
The average scleroscope hardness of the added metal 
was 49, of the heat affected area 80, and of the metal in 
the rod proper 50. 

The face of the same cut opposite to Fig. 1 was cut in 
two and both pieces annealed, one-half being allowed to 
cool in the furnace and the other half in the air. It will 
be noted in Fig. 2 that the hardened area between the 
added metal and the parent metal has been eliminated 
in both cases. 

The scleroscope hardness of the added metal in the 


Fig. 13—Etched Section Through a Boiler Tube Welded to the 
Sheet; Metal of the Sheet Unaffected 


piece cooled in the furnace was 38 and of the metal in 
the rod, 55. The scleroscope hardness of the added 
metal in the piece cooled in the air was 38 and of the 
metal in the rod, 57. 

The fact that the added metal in these two photo- 
graphs is shown in black should not cause it to be con- 
fused with the darkened area on Fig. 1 as in the latter 


Fig. 11—Hardness Produced by Adding 
Metal with Oxy-Acetylene Torch after 
Preheating 


Fig. 12—Affected Zones Caused by Adding 
Metal with the Oxy-Acetylene Torch 
without Preheating 


Both were annealed for three hours at 1,500 deg. F., 
after which a was cooled in the furnace and 0 in the air. 
Both show the added metal and the structure in the 
rod proper, the heat affected area having been eliminated 


Fig. 14—Example of Metal Too Poor to 


Weld 


by the annealing process. There is less segregation of 
the ferrite around the grain boundaries in the piece cooled 
in the air than in the one cooled in the furnace. | 

As a further illustration of the variation of the hard- 
ened zone, Fig. 5 is an etched cross-section of another | 
piston rod on which the cross head fit had been built up, 
the rod originally being heat treated Nichrome steel. 
Attention is called to the variations in the area of this 
hardened zone in the parent metal. On comparison with 
the one first rod shown, an unusually uniform movement 
and metal application by the welder is evident. It has | 
occurred to me that an etching method similar to this 
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might be adaptable for grading or examining welders 
as to their proficiency as well as for giving some indica- 
tion as to the condition under which they were working. 

The next few etched sections were made in an investi- 

gation to determine if a system of preheating could be 
developed to eliminate the hardened zones or heat af- 
fected areas created either through the preheating or the 
welding heat. 
_ Fig. © is a crank pin, on which no preheating of any 
kind was done. The scleroscope hardness on the added 
metal was 33, on the hardened zone 58, and on the rod 
proper 46. The metal was added with an electric arc. 
Fig. 7 shows the previous piece after annealing, the added 
metal showing a hardness number of 34, and the pin 
metal proper 45. Fig. 8 is a piece of crank pin steel to 
which the patch was made after preheating the parent 
metal with the arc, resulting in the hardness numbers of 
35 in the added metal, 50 in the hardened zone, and 47 
in the rod. The metal was added with the electric arc. 
After annealing, the hardened zones were removed; the 
hardness number in the added metal was 35 and in the 
rod 45. 

Another piece of the pin was preheated in the black- 
smith furnace and metal added by the electric process; 
in this case the hardness number in the added metal was 
34, in the hardened zone of the pin 59, and in the body 
of the pin 46. After annealing, as in the previous in- 
stances, the hardened area was eliminated, resulting in a 
hardness number in the added metal of 34 and in the rod 
of 45. 

Fig. 9 shows a pin which was preheated with the arc, 
but no metal added, resulting in a clearly defined hardened 
zone with a hardness number of 64, the body of the rod 
showing 44. After annealing of this piece the hardness 
was uniformly 45 out to the edge of the piece. 

Metal was added around the section of a locomotive 
frame with the electric arc, without preheating. The 
metal was added in three layers with the idea that the 
succeeding layers might exert an annealing action on the 
affected area. The hardness number in the added metal 
was 34, in the affected area 57, and with the parent metal 
47. After annealing this piece the affected zone was 
removed. The same frame member was preheated with 
the electric arc and metal again added in three layers, 
as in the former case, without showing any improve- 
ment in the hardening effect of the welding heat. 

Attention 1s called to the extension of the action of the 
arc ahead of the added metal, which may be observed in 
these photographs. It will be noted that the hardened 
zone extends about the same distance in front and back 
of the points where the welding operation starts and stops 
as it does beneath the weld. In a great many cases, in 
fact in the majority, it appears that a fracture will start 
by an initial check through the affected zone immediately 
back of or in front of the added metal, although there 
have been cases that unquestionably were a detail frac- 
ture starting from the area underneath the added metal. 
Fig. 10 is a piston rod which was preheated with the 
Oxy-acetylene torch, no metal being added. The heat af- 
fected area is shown by the shaded zones, with a maxi- 
“mum hardness in the affected zones of 53, whereas the 
normal hardness in the rod was 44. After annealing, this 
piston rod showed a normal hardness of 45 throughout 
the rod section. 
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In the case shown in Fig. 11 the piston rod was pre- 
heated according to the regular practice and metal added 
by the oxy-acetylene process, producing the affected zones 
shown, The. hardness of the added metal in this case 
was 32, in the affected zones 53, and in the rod proper 44. 
On annealing this piece the affected zones were removed ; 
the added metal then showed a hardness of 34 and the 
rod 44. Fig. 12 shows the same affected zones when 
the metal was added by the oxy-acetylene process without 
preheating. The added metal shows a hardness of be; 
the affected zones 53, and the body of the rod 42. On 
annealing, the affected areas were eliminated, resulting in 
a hardness number in the added metal of 35 and in the 
rod of 45. 

A worn tire flange, with an original scleroscope hard- 
ness over the section averaging 49.2, was built up by 
electric welding. Before annealing the added metal had a 
hardness of 18, the hardened area of the original metal 
67, and the body of the flange 48. After annealing, the 
hardness of the added metal was 20; that of the affected 
area 46 and the body of the tire 48. 

The average of several transverse tests on pieces of 
rail in which bolt holes were drilled, showed an aver- 
age depreciation of the transverse strength of about 25 
per cent as compared with the solid section. Where these 
holes were cut with the acetylene flame, this depreciation 
was 38 per cent. 

The photograph, Fig. 13, of the boiler tube welded in 
the plate and then etched, does not develop the highly 
affected zones shown in the previous views. In this par- 
ticular case the hardness number of the plate was 45, in 
the tube 50, and in the added metal 45. Even if the 
welding heat did cause unsatisfactory conditions to exist 
along the lines in question, the service conditions would 
in themselves constitute more or less of an annealing 
process. 

Fig. 14 is a piece of a member of a truck side frame 
which had been welded with the acetylene flame. It 
shows an unusually large area affected by the preheating 
and welding heat, particularly the white zone about the 
center of the section, which showed a penetration through 
the entire section. The metal is excessively porous and 
this casting should, in my opinion, never have been 
welded unless it was possible to cut away this area en- 
tirely. 

I do not want to leave the impression that all welds 
fail on account of the structural changes due to the heat- 
ing, or that | am advocating not doing any welding at 
all, or that I am in favor of any one particular process 
of welding. All the various methods of welding have 
their proper fields, and a great deal of profitable work 
can be done with them. However, if the points men- 
tioned are taken into consideration by the party laying 
out the welding work, our welds will certainly show 
fewer failures. 


Safety First—li every man would give a glance, and 
warn the man who takes a chance; if every man were 
pennywise, goggles he’d wear to guard his eyes. If every 
man in chances wild would stop and think of wife and 
child; if every man could but observe the good that fol- 
lows steady nerve; if every man to dodge the ward, 
would pull that nail from out the board—then we'd all 
together make safety first—Charles E. Bradley, S. P. Co. 
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Cast Iron Welding 


By C. J. Holslag 
Chief Engr. Electric Arc Cutting & Welding Co. 


Ge iron differs from steel in that it contains about 
3.5 per cent carbon, whereas steel, even the hardest, 
contains less than 2 per cent carbon, and 98 per cent of 
all steel in the world has less than 0.2 of one per cent 
carbon. The cast iron with the same amount of carbon 
in it may have the carbon in two forms, 1. e€., combined 
and uncombined. In the combined form the cast iron is 
very hard. In the uncombined form it is comparatively 
soft, easily machineable, and can be caulked. Various 
degrees of hardness range between these two limits ac- 
cording as to whether all of the carbon has flaked out of 
the combination into graphite, or whether some remains. 
The condition as to whether the graphite will be sepa- 
rated, or in combination, depends on the rapidity of the 
cooling from a temperature just above the red heat. If 
it is cooled rapidly there will be no time for the graphite 
to come out of combination. If it is cooled very slowly, 
the graphite will all come out of the combination and 
various degrees of hardness are obtained by the differ- 
ence in the time of cooling. A form of cast iron called 
malleable cast iron is rapidly becoming extinct. After 
weeks of slow cooling the graphite settles to the outside 
and is taken off the cast iron, and it gradually begins to 
take on the properties of wrought iron. As aforesaid, this 
is drawn off. Real malleable iron is rapidly going out of 
use due to the time taken to make it. So-called malleable 
iron is generally cast iron with very little of the graphite 
removed. In making a weld on cast iron cold, naturally 
the cast iron is cooled very quickly, or chilled just below 
the joint of the weld and sometimes the weld itself will 
be very hard because of the very quick cooling. This 
occurs whether welding with a steel electrode or with a 
cast iron electrode. This chilling, hardening effect can 
be removed by reheating and annealing in lime or warm 
sand, or any way to allow it to cool slowly. 

Cast iron will not suffer any permanent deformations ; 
in other words, it cannot be bent, stretched or put out of 
its original alignment in any manner without breaking or 
cracking. To relieve the stresses, set up in welding cast 
iron cold, the weld must contract and if the shape of the 
cast iron pieces is stich that one or both ends cannot move 
in with the weld, something must give. If the weld is 
one-quarter or less of the section of the cast iron and a 
good joint is made to the cast iron, the weld will stretch, 
because, although the weld even if of steel, being four 
times as strong as the cast iron section, if it is one-quarter 
or less in area, will stretch and it does not hurt the 
weldto stretch. It is similar to working steel after cast- 
ing into forgings and rolled shapes. If the weld can be 
put on a little at a time, so that tts cross section 1s also 
less than one-quarter of the cast iron which it is welded 
to, results can be obtained which will not bend out of the 
original position. 

The foregoing applies to welding with the steel elec- 
trode. In welding with cast iron electrode, the relative 
strengths would be the same, but due to the cast iron 
weld not being able to stand any deformation, it would 
crack through the weld. The remedy for this is to pre- 
heat the parts to be welded so that they will all contract 
at the same rate. In this manner welding with a cast 
iron electrode is much more rapid and more satisfactory 
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than any other process. The arc has a tendency to burn 
out the carbon in any welding, and there is an especially — 
fertile field where the carbon is 3.5 per cent. We have 
developed a coating for the electrode which resupplies 
this carbon by adding an excess so that true cast iron of 
the same nature as the original is deposited in the weld. 

Another method of welding cast iron is to anchor the 
steel weld to the cast iron by means of studding, so that 
the weld in contracting cannot pull out of the cast iron 
no matter what the relative sections. In this manner the 
weld to the cast iron is made as well as to the steel studs, 
and the weld is by far the strongest part of the job. 
This is the method that was used in welding the cast 
iron parts of the German ships, and was developed by 
Joseph McAllister of the New York Central R. R. 

Another method which has a similar basic theory, and 
is especially useful for sections that are too thin to stud; 
1. e., automobile cylinders, jackets, crank cases, heating 
boilers and other cast iron parts complicated in shape, 
and where no deformation can be allowed, is to run beads 
at right angles to the crack about eight to ten times the 
thickness of the weld at the crack, which right angle 
beads laced back and forth at intervals of four to six 
times the thickness of the piece hold the weld and ad- 
joining cast iron from separating, so that the contrac- 
tion takes place in the weld where it does no harm. We 
have welded automobile water jackets, crank cases, fur- 
naces, etc., in this manner and have yet to be stumped. 
We have welded automobile water jackets without tak- 
ing the water out of the.engine in emergencies. Some- 
times the weld will be stressed beyond its elastic limit 
and crack, but no precautions need be taken in welding, 
as this crack will then have steel to hold it. Naturally 
the less the heat used, the less will be the stress to be 
taken care of. To that end, use as little heat as possible, 
and proceed a little at a time, allowing the beads to com- 
pletely cool before tackling the next one, except in the 
case of the beads at right angles to the weld, which beads 
should be put down as nearly as possible at the same 
time as the intermediate lengthwise beads. In pieces 
that have cracked and sprung apart and_ should 
be brought into alignment this method of crosswise bead- 
ing, proceeding from the smallest end of the crack, will 
bring the original pieces into such intimate contact that 
it is very often watertight before starting the interme- 
diate beading. In order to keep the heat as low as pos- 
sible a special electrode, whose melting rate is higher 
than ordinary steel may be used. It will be found that 
this will aid materially in keeping the stresses down. All 
of this welding with steel is done without preheating or 
annealing of any kind, the finish if necessary being 
ground to size. We have one of our operators who has 
not seen anything but cast iron welding for so long that 
he probably has forgotten how to weld steel. The work 
requires more care, but we have yet to make a failure 
of any job. In the case of a score inside of the cylinder 
wall, if our machine can be set at half-primary voltage 
so that it will draw an arc, but not sustain it, the metal 
can be deposited in one flash at a time, using the special 
electrode without cracking the adjacent cast iron. In 
case the machine cannot be set at half-voltage a foot 
switch in the secondary circuit or the primary circuit 
should be opened, as each drop is deposited so as to not 
use the high heat in depositing the metal. The finishing 
can then be obtained by grinding. 


A Handy Device for Repairing Lead Battery Tanks 
By Revett F. Witcus 


The repairing of lead battery tanks has been one of 
the many troubles that has confronted us in the car light- 
ing game. Many tanks were scrapped at great expense 
and many different methods of repairing were used, but 
none of them seemed to be altogether satisfactory. One 
of the schemes for repairing involved the use of blocks 
of wood covered with asbestos, but this arrangement 
proved to be very unhandy, as only small repairs could 
be made with it. Moreover, it caused some trouble, as 
the asbestos worked in with the lead during the process 
of repairing, and while the tank would stand the leakage 
test when repaired, it was found that after it was filled 
with acid and put in service, the acid would eat out the 
asbestos and cause a leak. The leakage test just referred 
to is made by placing the repaired tank upside down 
in a vat of water and pushing it down until the bottom 


the Form 


Details of Parts Used in Making 


is submerged about four inches. If there still remains a 
leak in the tank, the air which is enclosed on the inside 
will immediately make itself manifest by bubbles arising 
through the surface of the water. After experimenting 
somewhat with asbestos-covered blocks of wood, an iron 
form was developed which has overcome all of the 
troubles which we had previously experienced. This 
metal form has proved to be a wonderful success. If 
proper care is taken to clean the lead, and also the filler, 
no dirt is included in the joint and leaky tanks do not 
result. The welding flame should be held close to the 
lead, for by holding the flame in this way the lead not 
only is prevented from oxidizing, but it flows together 
much better. If the flame is held close to the work, the 
lead will have a bright appearance after the weld has 
been made, whereas if the flame has been held too far 
away, the surface of the lead will have a smoky ap- 
pearance. The form which we are using is very sub- 
stantial, as it is made of boiler steel. It can be turned 
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in a circle or set at any angle desired by the workman 
and it has the further advantage of always being on the 
level with the work bench. The process of repairing a 


tank is usually as follows: Before putting the tank on 
the form, lay it on the bench and hammer out the sides 
with a rubber or wooden mallet. It should then be 
shpped over the form and the sides hammered down on 
the form so that all sides are smooth. Then take a 
scraper and scrape the place to weld, mark it off square, 
and take a wide chisel and cut out the defective part. 
Next substitute a piece of good lead taken from some 
old tank that is not worth repairing and scrape it bright 
and clean. This piece is then placed in the opening and 
welded on the four corners. The patch being thus held 
in place, the remainder of the weld is made holding the 
filler in front and working with the flame close to the lead. 
As a word of pecaution, it may be said that the fumes 
from dirty lead are what cause lead poisoning and work- 
men should wash their hands before putting them about 
the face, as the lead going into the pores of the skin is 
very injurious. 


Details of Construction 


The several sketches shown in Fig. 1 illustrate the 
manner in which the iron tank form is constructed. First. 
are required two pieces of channel iron 8 in. wide and 
16% in. long, with 2% in. flanges. These pieces are 
marked A in the sketch. Each flange of each piece of 
channel iron is drilled with three holes, and to these 
flanges are riveted two other pieces of boiler steel, 1% in. 
thick, 934 in. wide and 16%4 in long. When these four 
parts have been riveted together, a box-like structure 
has been formed. The top of this box, as shown at C, 
is made of one piece of 3g in. boiler steel, 8% in. wide 
and 934 in. long. Short pieces of angle iron are riveted 
to this top C and also to the channel iron A, and the 
pieces B, of the form. Care must be taken to set these 
angle irons far enough away from the edge of the 
cover C so that they will fit snugly within the four sides 
of the iron box. All rivet holes should be countersunk, 
so that the work may be perfectly smooth after the rivet- 
ing has been done. The piece D is composed of an iron 
strap 8% in. long, 2% in. wide and 5% in. thick, turned 
up 11% in. at each end. Holes are drilled in the turned up 
portion, and this is riveted to the lower end of the box, 
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A hole 11/16 in. in diameter is drilled in the center of 
this strap. The supporting member of the frame is the 
iron rod E, which is 1 in. in diameter. The length of this 
rod before it is bent is 34 in. The long bend is 19% in. 
and the short bend 9 in. Both ends of the rod are 
threaded for 5 inches before bending. The block F is 
made of one piece of iron 3% in. long, 2 in. thick and 
24 in. wide. It contains a hole 11/16 in. in diameter G, 
through which the long bend of the rod E is passed. In 
the center of the face of this block is drilled a 19/32 in. 
hole part way through into which is driven a 5 in, stud 
having a % in. hole drilled in the end of the stud, into 
which a % in. piece of drilled steel has been driven in 
order to keep the stud from backing out of the block. In 
one of the lower corners of this block a hole is drilled 
entirely through for the purpose of inserting a pin in 
order to hold the block in any desired position. The 
part J is of boiler steel 4 in. thick, 14 in. long and 6 in. 
wide, previous to bending. It is tapered as shown, 
having a large hole drilled in the horizontal por- 


Two Views of the Form in Use Showing How it May Be Placed in 
Different Positions 


tion in order to secure it to the work bench, and at 
the tapered end of the piece is drilled a hole sufficiently 
large to accommodate the stud H of the block F, which 
is secured to the upright portion of J by a nut. A series 
of holes arranged in a semi-circle just below the hole for 
the stud allows a pin to be inserted through the block F 
and hold the block in any desired position. The portion 
of the piece J, which rests upon the corner of the bench, 
is an exact counterpart of the horizontal portion of J. 
A part of the piece J is bent over at right angles to this 
horizontal section, so as to hold it firmly against the edge 
of the bench. A number of holes are arranged in a semi- 
circular form into which the pin of the part J is inserted, 
thereby permitting the portion J to be swung about and 
held in any particular position desired. The box-like 
structure is mounted on the small bend of the rod E by 
first screwing down a hexagonal nut and then placing 
upon it a large washer and finally inserting the short end 
of this rod into the hole in the strap D, and clamping it 
firmly with another nut. The long bend of the rod & 
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is held by twe nuts, one above the block F and one below. 
The horizontal and vertical positions of the form in use 
is shown in the two photographs of Fig. 2. 


A Blue Print Bath 


A solution of one ounce of bichromate of potash to 
three gallons of water makes an ideal bath in which to 
wash blue prints, as it will darken the color and fix the 
chemicals so the prints will not fade. The print must be 
exposed slightly longer than when clear water is used and 
it is well to rinse after removing from the bath. The 
solution can be used indefinitely by replacing the water 
that evaporates and, when running water is not available, 
such a bath is necessary. 

It is always well to have a bichromate solution handy 


in any blue print room for use in bringing back over- 


exposed prints, in which case the best practice is to first 
wash the print in clear water for a few minutes and then 
immerse it in the bichromate bath and rinse. Nice clear 
whites will result. 


Ohm’s Law Simplificd 


The two diagrams given below cannot be claimed to be 
new, but with the changing forces of electrical men as 
years go by it frequently happens that some of the older 
things can be repeated with decided advantage to the 
new men in the field. The diagram illustrates an easy 
way of remembering Ohm's law, and for figuring current, 
watts or volts in any d. c. circuit. By simply covering up 
the unknown quantity, whether it be volts, current, re- 
sistance or watts, the other two known factors will give 
you the answer. 

For example, if it is desired to know the voltage drop 
through a certain resistance where the current is known, 
by covering the unknown (volts) we find that the answer 
is current times resistance. If the resistance is unknown 


Diagram for Using 
Ohm’s Law 


Diagram for Figuring 
Poor Circuits 


and volts and current known, by covering the unknown 
(R), we find that the answer is volts divided by current, 


which gives us the resistance of the circuit. If the cur- 


rent is unknown, by covering up (C) we find the answer 
is volts divided by resistance, which gives us the current 
of the circuit. Similar with the power diagram if we 
simply cover the unknown quantity the other two give the 


answer. If the total watts in the circuit are unknown the ~ 
current and volts known, we find that by covering watts” 


in the diagram that the answer is current times volts; if 
we know the total watts and total volts and wish to know 
the current, by covering (C) in the diagram we find the 
answer is watts divided by volts. If we know the total 
watts and current and wish to know the volts we find 
that by covering volts in the diagram that the answer 1s 
watts divided by current. 


New Lamps for Locomotives 


The illustration shows one type of new electrically 
lighted lamps that are manufactured by the Pyle-Na- 
tional Company, Chicago. The lamp shown is cast of a 
non-corrosive metal, which is claimed to be lighter and 
tougher than cast iron. It is tapped at the top for con- 
tinuous conduit and provided with three supporting lugs. 
The lamp is equipped with a standard white signal lens, 
53% in. in diameter. A hinged door forms the bottom 
of the lamp which, when opened, permits access to the 
interior, thus permitting lamp renewals and wire con- 
nections. The door is securely fastened with a spring 
latch. A receptacle with lamp grips is used and the 
connections to the receptacle are-made in such a manner 
as to leave them accessible when testing the lamp circuit. 
In addition a piece of plate glass covers an opening in 
the bottom of the case through which a beam of light 
is thrown downward and outward, lighting the coupler 


New Tender Lamp With Bottom Door 


and step. The beam of light is augmented by means of 
mirrors placed inside the case and at a suitable angle 
to reflect the additional light to the outer portion of the 
lighted area. The overall dimensions are 8% in. high, 
7¥4 in. wide by 5 in. deep. 

The second illustration represents a portable cast head- 


light which is used for emergency purposes on tenders of. 


locomotives called into transfer, helper and emergency 
switching service. It is also manufactured by the Pyle- 
National Company. It is cast in one piece and 
tapped at the back for extension connection. A substan- 
tial wedge lug is cast on the back by means of which 


the case is attached to the rear of the locomotive tender. 
A cast bracket, into which this lug fits, 1s furnished with 
the case. The lamp is fitted with a 10 in. lens, which is 
held in place by.a spring ring in a machine groove. The 
interior of the case is reached through a heavy cast door. 
A machined taper surface on the door and in the lamp 
body provides a water-proof joint and excludes the de- 
structive gases from the interior of the case. 

The lamp receptacle is arranged so as to bring the 


Portable Cast Headlight for Emergency Purposes 


lamp filament into the focal point of the lens without 
adjustment and gives a light beam that will meet head- 
light vision requirements without the use of a reflector. 
The case can be furnished in either cast iron or alu- 
minum composition. The cast iron case weighs 29 Ib. 
and the aluminum case 14 Ib. 


Two Meters for Railroad Service 


The Burton-Rogers Company, Boston, Mass., are of- 
fering a type of a.c. voltmeter which has recently been 
(eveloped for railway service, in which a sensitivity of 
80 ohms per volt is attained and in which overlapping 
ranges allow continuous readings from 0.1 volt up to 
125 volts to be obtained. This meter is of the single 
pivot thermal type and is claimed to be accurate on 
direct and alternating currents of any frequency up to 
2,000 cycles. It is further claimed that this instrument 
embodies characteristics commonly found only in re- 
flecting galvanometers and that it is unusually adapted 
for general use on account of its immunity from damage 
while being carried about, as a clamp is provided 
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which allows the pivot to be raised from the jewel, at 
the same time clamping the moving coil securely 
against the core iron, a method generally used in high 

These meters are made in two sizes, 
and the other with a 3-in. 


grade compasses. 


one with a 5-in. scale; the 


as 


Thermal Type Voltmeter 


smaller instrument having a sensitivity of approxi- 
mately 50 ohms per volt. 

A portable measuring instrument known as the 
Hoyt Rotary meter, type 516, is also being distributed 
by the Burton-Rogers Company, sole selling agents for 
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Hoyt Rotary Voltammeter 


the entire Hoyt line of electrical instruments. The in- 
strument is 5% in. long, 4% in. wide, and 25 in. high, 
consisting of a stationary commutator mounted in a 
suitable receptacle, provisions being made for a num- 
ber of shunts and resistances, connections with which 
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are made through the several segments of the commu- 
tator. A small milli-voltmeter having a sensitivity of 
75 ohms per volt is centrally pivoted to the commu- 
tator in such a manner that the meter terminal makes 
connection with successive segments of the commu- 
tator as the meter is rotated on its axis. A fixed index 
finger on the side of the meter case shows the position 
of this terminal and suitable markers on the surface of 
the commutator receptacle show the position of the 
segments. ‘The meter is so designed that no current 
passes through it unless the index finger points to the 
marker corresponding with the binding post connected 
with the source of current, it being claimed that this 
arrangement lessens the danger of damage by over- 
loading the instrument through the making of a wrong 
connection. 

Special compartments for the necessary coils and - 
shunts each connected with a “Central” make connec- 
tion at will with the simplest form of indicating in- 
strument. This instrument is provided in five, six or 
seven ranges. tae 


Meno Rust Remover and Cleanser 


A preparation known as Meno rust remover and 
cleanser has been developed to remove rust from ma- 
chines, engines, tools, and all metal surfaces, thereby 
greatly reducing the time and labor previously required | 
for this work. The compound is a blending of certain 
chemical ingredients, which in combination produce an 
electro-chemical action that rapidly loosens and dissolves 
rust, corrosion, grease, oil, dirt, carbon, paint or any 
other foreign substance adhering to the metal, irrespec- 
tive of its age or hardness. It is stated that the action 
Reaue ceases when contact between. the cleanser 
and the metal is established, and it will not injure or mar 
the surface of the metal itself. 

The preparation may be applied with a brush or by 
dipping. It will not burn or explode and protects the 
metal and makes it exempt from corrosive or disintegrat- 
ing action for a long period after treatment. The prepara- 
tion is an economical one to use, as it does not deteriorate 
or lose its cleansing power and the same solution may be 
used many times over. Peter A. Frasse & Company, Inc., 
New York, are the sole distributors, and are now estab- 
lishing agencies in various parts of the oe for the 
sale of this preparation. 


A 100-Lb. Welding Machine 


A welding machine weighing complete 100 1b. which 
is intended with reasonable care to accomplish any work 
in or around a garage, plumbing shop, etc., has been 
developed by the Electric Arc Cutting & Welding Com- 
pany, Newark, N. J. -The machine uses electrodes from 
1/16 in. to 5/32 in. in diameter and will operate con- 
tinuously with the medium and small sizes and inter- 
mittently on the large size. The standard machine is 
110 or 220 volts and any frequency specified. The power 
supply must be of at least 5 kva. 

There has been a need for a small welding machine 
that was capable of doing the smaller jobs and the new 
welder will undoubtedly prove popular: 


TUUUUOTSUTUOUTAU TUE 


all 


Louisville & Nashville—This company, which will 
construct a 600-ton coaling station at Loyall, Ky., 
with company forces, has ordered the automatic coal 
elevating machinery for this station from the Ogle 
Construction Company, Chicago. 


The Roller-Smith Company, New York City, an- 
nounces the appointment of the J. E. Dilworth Com- 
pany, 493 South Main street, Memphis, Tenn., as its 
representative in the western half of Tennessee, the 
eastern half of Arkansas and the northern half of 
Mississippi. 

B. A. Bell, railway specialist for the Western Elec- 
tric Company, has been appointed railway representa- 
tive of this company in the Atlanta, Ga., office ef- 
fective February 1, succeeding J. W. Smith. Before 
taking up the duties of railway specialist Mr. Bell 
was general salesman for the Western Electric Com- 
pany. 

The Bryant Electric Company announces the ap- 
pointment of Robert M. Eames as general sales man- 
ager to fill the vacancy caused by the resignation of 
Frank V. Burton. Mr. Eames has been active in the 
sales organization of the Bryant Electric Company 
for fifteen years and for the last few years has been 
its export manager. 


The Chilean government is asking for bids, to be 
opened in April, for the electrification of the govern- 
ment line from Valparaiso to Santiago, according to 
reports received by the Guaranty Trust Company. 
Bids are also asked for quantities of rails, switches 
and track accessories, for use on the government 
roads in the northern and central parts of the coun- 
try according to reports. 


The National Electric Code has been submitted to 
the American Engineering Standards Committee by 
the National Fire Protection Association for approval 
as an “American Standard.” This code is submitted 
in accordance with the special provision in the proce- 
dure of the committee under which important codes 
in existence prior to 1920 may be approved without 
going through the regular process followed in new 
work. The committee is now making an effort to 
learn of the extent to which the code is used and any 
other information regarding the code in meeting the 
needs of the industry. 


The B. F. Goodrich Rubber Company, Akron, Ohio, 
on December 31, 1920, celebrated its golden anniversary. 
The company was incorporated December 31, 1870, by 
Dr. Benjamin Franklin Goodrich. In a golden anni- 
versary greeting to employees and customers, President 
B. G. Work said in part: “We feel a thrill of pride as we 
look back over the years and realize the part we have 
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played in the development of the rubber industry.” Th 
Goodrich company commemorated the golden anniver- 
sary by publishing an attractive 48-page book called the 
Golden Year of Goodrich, telling of the romance of the 
rubber industry, its history, and of what great impor- 
tance it has been in the progress and development of the 
world. The book was written by Wilbur D. Nesbit and 
iilustrated by W. T. Benda, the Polish-American painter. 


a) 


Super Power System Not to Be Operated 
by Government 


The super power system, which has been proposed to 
provide power for a large area including Washington, 
D. C., New York, N. Y. and Boston, Mass., has been de- 
scribed in previous issues of the Railway Electrical 
Engimeer and provides for a large interconnected 
power system to supply both railroads and indus- 
trial plants. It was again the subject for discussion 
at a meeting of the Boston, Mass., Sections of the Ameri- 
can Institute of Electrical Engineers and American So- 
ciety of Mechanical Engineers and the Boston Society of 
Civil Engineers on January 18. W. Murray, chairman 
of the survey, said that a return of 10 per cent on the 
investment would be essential for the success of the 
enterprise and that the project would be doomed to fail- 
ure if the yield should be limited to 6 per cent. Con- 
struction methods to be used have riot been completely 
decided upon but Mr. Murray stated that a 300,000 kw. 
steam plant and a super power transmission line from 
the Hackensack meadows to Philadelphia would now be 
a paying proposition. He also strongly affirmed the in- 
tention of those interested in the scheme to keep clear 
of the morass of government ownership or operation and 
said that no money had been sought from the United 
States Treasury for financing the proposed development. 
It has not yet been determined whether it will be better 
to operate through a federal charter or through syn- 
chronized state charters. Consideration is being given to 
transmission of hydro-electric energy from the St. Law- 
rence River. The report of the survey, which probably 
will be made in June, will give special attention to the 
problems of industrial and generating-plant heat balance. 


Hydroelectric Development in Portugal 

The Fortuguese Minister of Commerce has ap- 
pointed a commission to study the matter of the utili- 
zation of the water power of the rivers of Portugal 
for the purpose of furnishing hydroelectric power for 
railway, power and lighting purposes. 

Two engineers, Senhores Fernando de Souza and 
Vicente Ribeiro, have been nominated by the repre- 
sentatives of the Portuguese National Railways to sit 
with this committee, which has been created at this 
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time to study these matters principally because the 
outlook for fueling supplies for Portugal, which pos- 
sesses no working coal mines, is not at all bright, ow- 
ing principally to the high prices of imported coal and 
the uncertainties as to available coal supplies in pro- 
ducing countries. 

In the case of the Portuguese rivers it would be nec- 
essary to construct an extensive and likewise expensive 
system of dams, with a view to conserving enough oi 
the water from the winter rainfall to last through the 
summer. 

The headwaters of the largest Portuguese river, the 
Douro, are situated across the frontier in Spanish ter- 
ritory, and for this reason, before any definite plans for 
the utilization of its power can be formulated, it will 
be necessary for the Portuguese and Spanish Govern- 
ments to come to some sort of an agreement for the 
division and distribution of the Douro water, for as 
matters stand now it is possible for Spaniards having 
farms in the basin of the upper Douro to divert prac- 
tically all of its water for irrigation purposes. 

This commission will also be expected to study the 
question of the utilization of a number of seams of coal 
which are known to exist in Portugal, and it 1s even 
possible that it will study Portugal’s petroleum possi- 
bilities as well, 


Heavy Electric Traction Program for A. E. R. A. 


The committee on heavy electric traction of the En- 
gineering Association of the American Electric Rail- 
way Association has made preliminary assignments on 
the subject of heavy electric traction about as follows: 

1. Co-operate with the American Railway Engineer- 
ing Association regarding progress in heavy electric 
traction with a view to keeping the members of the 
American Railway Engineering Association posted on 
developments in the field. In this connection cover 
foreign practice as well as that in the United States. 

Much of the information pertaining to foreign elec- 
trification will be obtained from the files of H. W. 
Cope and from the General Electric Company. Any 
additional information which is deemed desirable will 
be obtained by correspondence. 

2. Continued compilation of 
electric locomotives. 

Last year’s committee issued a number of question- 
naires regarding equipment to America’s electrified 
railroads, and to industries operating electric loco- 
motives. The results, however, were not entirely satis- 
factory, comparatively little information being ob- 
tained. In order to attack the subject from a different 
direction, Mr. Cope will undertake to go over the list 
of companies which are using Westinghouse equip- 
ment and will tabulate information from the en- 
gineering files of the Westinghouse Company. 

A. H. Armstrong, chairman of electrification com- 
mittee, General Electric Company, will be requested to 
compile similar data from the files of the General Elec- 
tric Company. 

It was the consensus of opinion that locomotives and 
multiple unit car tabulations should be continued. The 
subject “Locomotives” will include locomotives with 
four driving axles, and multiple unit cars will include 
equipment in which the trailers, as well as motor cars, 
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are equipped with controllers for operating from either 
end. Equipment which does not conform strictly to 
these limits may be included at the discretion of the 
traction committee. 

3. Continued study of electric switching engines. 

Records of electric switching results are scarce as 
few companies operate electric switches extensively 
and some data will probably be obtained regarding 
steam switching and further data selected on electric 
switching as it becomes available. 

4. Study the subject of multiple unit cars vs. electric 
locomotives in passenger service and report on the 
percentage of service given by means of such cars. 

There are virtually but three railroads in this coun- 
try which operate both multiple unit and locomotive 
equipment electrically, and information necessarily 
will come from these railroads. C. H. Quereau, super- 
intendent electrical equipment, New York Central, will 
take charge of obtaining and compiling data on this 
subject. 


Training Future Executives 


The will to learn is being fittingly demonstrated by the 
workers of the electrical industry. Nearly 1,500 em- 
ployees of the Western Electric Company are busy these 
winter evenings attending the educational courses which 
are being conducted at the many branches of the com- 
pany throughout the country. What makes the figures 
particularly interesting is the fact that attendance at the 
schools is entirely voluntary. 

The records of the classes conducted at the company’s 
big factory near Chicago show an enrollment of 962 em- 
ployees this term. The courses in telephone practice and 
mechanical drawing have proved the most attractive; 
225 are registered in the former, and 124 in the 
latter. The other departments in the order of their 
apparent attractiveness to the plant personnel are practi- 
cal mathematics, sewing, comptometry, electricity and 
magnetism, typewriting, English, accounting, production 
nrinciples and manufacturing principles. 

The opportunities for advancement offered in the night 
schools appeal alike to the factory operative, the engi- 
neer, the clerk and the salesman; 332 members of 
ihe engineering department of the Western Electric 
Company are using their spare moments as study pe- 
riods. They. are paying particular attention to the 
class in machine switching, a subject which has become 
of vital importance to technical men since the introduc- 
tion of the automatic telephone into commercial use. 
Applications for this branch ran so high in numbers that 
it was necessary to split the class into two parts. The 
principles of direct and alternating currents, and shop 
mathematics are also big favorites with the students. 

Classes in accounting and the general routine of busi- 
ness are being conducted at the offices of the company at 
151 Fifth avenue, New York and at 195 Broadway 
where 110 representatives from the two metropolitan 
offices are enrolled in five classes. 

The directors of the schools demand constant applica- 
tion. These classes are a part of the company’s fixed 
policy of being always on the look-out for men who show 
promise in administration, mechanics, or other of the 
varied fields of endeavor which the company’s extended 
activities embrace. 
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H. W. Williams, formerly assistant engineer in the 
electrical department of the Chicago, Milwaukee & 
St. Paul, with headquarters at Seattle, has been ap- 
pointed special representative to the general super- 
intendent of motive power, with headquarters at 
Chicago. 


Frank D. Fagan has been elected vice-president and 
general manager of the Edison Storage Battery Com- 
pany, Orange, N. J., and E. M. Cutting, has been ap- 
pointed assistant to 
general manager, 
both with headquar- 
ters at Orange. 

Mr. Fagan was 
born in California 
and was in the elec- 
trical business in San 
Hinaicd 6 COstoOr 2 
number of years. 
Elemiien. senved as 
manager of the 
lamp department of 
the, General Electric 
Company ,on. the 
Pacitie, coast, with 
headquarters at San 
Brancisco, (Cal. ior 
over 12 years and 
now becomes vice-president and general manager of 
the Edison Storage Battery Company. 


FE. DBD: Fagan 


Mr. Cutting began railway work in 1888, in the 
signal department of the Southern Pacific. In 1898, 
he was appointed 
supervisor of sig- 
nals ter tie West 
ern division and in 
1902, in addition to 
his duties in the sig- 
nal department, he 
was given charge of 
electric train light- 
ing. En 1908, he be- 
came engineer of 
train lighting, heat- 
ing and ventilation, 
resigning in 1912 to 
become Pacific coast 
manager for the Edi- 
son Storage Battery 
Company, with 
headquarters at San 
Francisco, Cal. He remained in that position until 
September, 1919, when he was appointed manager of 
the railroad department, with office at Orange, N. J.. 
from which position he subsequently resigned, and 
now returns to the service of the Edison Storage 
Battery Company as assistant to general manager, 
as above noted. 


E. M. Cutting 


A. H. Darker, chief engineer and manager of the 
electrical department of J. Stone & Co., Ltd., Dept- 
ford, England, has returned to London after conclud- 


Company with headquarters at St. Louis, Mo., is the 
American branch of J. Stone & Co. 


A. H. Griswold, formerly plant engineer for the Pa- 
cific Telephone & Telegraph Company, with headquarters 
in San Francisco, has been appointed assistant chief engi- 
neer of the International Western Electric Company, Inc., 
in New York. After his graduation from the University 
of Illinois in June, 1901, Mr. Griswold entered the engi- 
neering department of the Western Electric Company. 
In 1905 he became affiliated with the Pacific Telephone & 
Telegraph Company. 


S. W. Dudley, widely known authority on matters 
pertaining to train and traction control, retired on 
February 1 as chief engineer, of the Westinghouse Air 
Brake Company, 
Wilmerding, Pa., to 
accept a professor- 
ship oi mechanical 
engineering at Yale 
University. 

Mr. Dudley has 
been associated with 
the air brake com- 
pany for 17 years. 
Starting as a special 
apprentice in 1903, 
he spent the summer 
of that year and the 
next in the plant, re- 
turning to school to 
complete a post- 
graduate course dur- 
ing. the other sea- 
sons. When he established permanent connection 
with the organization in 1905, he was attached to the 
office of the late Walter V. Turner, then mechanical 
engineer of the Westinghouse Air Brake Company. 
Here he was assigned as a member of the party in 
charge of the first road tests of the Type R triple 
valve between Pittsburgh and Fairchance, on the 
Pennsylvania Railroad, later acting as engineer’s as- 
sistant during a series of important demonstrations 
of the ET equipment and the Type R passenger triple 
valve on the New York Central. He was charged 
with the responsibility of compiling much of the data 
relating to these demonstrations, which resulted in 
the development of the high emergency retained fea- 
tures which were added to the Type R triple valve 
to complete the Type L, which was later adopted for the 
motor cars of the New York Central's electrified zone. 

In 1906, Mr. Dudley was assigned to the New York 
office to follow the installation, operation and main- 
tenance of new air brake equipment that was placed 
in service on electric locomotives and motor cars dur- 
ing the inauguration of the New York Central’s ter- 
minal electrification. A year later he was called back 
to Wilmerding to take charge of the air brake pub- 
licity department, where he remained until 1909, when 
he was appointed assistant mechanical engineer. In 
1910 he became assistant chief engineer (in charge of 
operation), and in 1914 he was advanced to the posi- 


S. W. Dudley 
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tion of chief engineer, which title he retained up to 
the time of his resignation. 

Mr. Dudley graduated from Yale University, to 
which he now returns, with the class of 1900, com- 
pleting thereafter a post-graduate course which quali- 
fied him for his M.E. degree. 


J. Allan Smith has resigned as president of the U. S. 
Light & Heat Corporation, Niagara Falls, N. Y. Mr. 
Smith is leaving to engage in business for himself, a 
step which he has long been contemplating. He has been 
identified with the affairs of the U. S. Light & Heat Cor- 
poration for a number of years, managing its business 
during the most precarious times of its existence. In 
the early days the business of this company largely con- 
sisted of the manufacture and sale of train lighting de- 
vices. Under the management of Mr. Smith the storage 
battery manufacturing business has grown until now the 
company is one of the largest battery producers of this 
country. Mr. Smith has been succeeded by C. O. Mini- 
ger, of Toledo, Ohio, who is vice-president of the Willys 
Corporation and general manager of the Auto-Lite divi- 
sion of that corporation at Toledo. Mr. Miniger is well 
known to the automobile industry; he has been closely 
identified since the very early days of the automobile, 
with the manufacture and sale of electric lighting and 
starting devices for motor cars. He was one of the 
original incorporators and organizers of the old Electric 
Auto-Lite Company, which began in a very limited way 
manufacturing electric starting devices. When John N. 
Willys acquired control of that company, Mr. Miniger 
was placed in charge of its affairs and through his efforts 
its business has been built up to one of the largest pro- 
ducers of electric starting and lighting devices for motor 
cars. It has also become a large producer of farm light- 
ing outfits. Mr. Miniger will give all of the attention 
which may be necessary to his new duties but will still 
continue to be in charge of the Electric Auto-Lite Divi- 
sion of the Willys Corporation at Toledo. His title in the 
U. S. Light & Heat Corporation will be president and 
general manager. C. L. Lane has resigned as vice-presi- 
dent and general manager of the U. S. Light & Heat 
Corporation and D. H. Kelly has been elected to serve as 
vice-president and assistant general manager. Mr. Kelly 
was for eight years secretary of the Toledo Scale Com- 
pany, Toledo, and for the past two years has been as- 
sistant sales manager of the Willys Light division of the 
Electric Auto-Lite Corporation. He has had ten years’ 
experience in the railroad field. 


Obituary 


William H. Sayre, president of the American 
Abrasive Metals Company, New York, died suddenly 
at his home in Glen Ridge, N. J., on January 6. He 
was born at Mauch Chunk, Pa., in 1865, and graduated 
from Lehigh University as a mechanical engineer in 
1886, and since that time has been actively engaged 
in some line of business in which his engineering abil- 
ity was applied. He began his practical experience in 
railroad building in the Northwest. Mr. Sayre later 
became president of the International Contracting 
Company, executing many dredging contracts in New 
York and other harbors, and also served as a consult- 
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ing engineer on the Cape Cod canal. He was among 
the first to apply electric welding commercially, hav- 
ing organized the Federal Welding Company, New 
York, and the Anthracite Electric Welding Company, 
Wilkes-Barre, Pa. In 1911 he organized the Amer- 
ican Abrasive Metals Company of which he was presi- — 
dent until the time of his death. 


Trade Publications 


Space Heaters and their uses are described by an 
8-page envelope size folder issued by the Cutler- 
Hammer Manufacturing Company, Milwaukee, Wis. 
The title of the folder is “2 Feet of Electrical Heat.” 


A large double-folded card, issued by the Crouse- 
Hinds Company, Syracuse, N. Y., describes vapor, gas - 
and waterproof switch covers and suggests a variety 
of uses for this type of condulet. The title of the 
folder is “These are what we should use.” 


Commutating Pole Direct Current Crane and Hoist 
Motors is the title of Bulletin 48100A, which supersedes 
Bulletin No. 48100, issued by the General Electric Com- 
pany, Schenectady, N. Y. This bulletin gives a detailed 
description of the construction of parts of this class of 
motor, together with a table of standard ratings, draw- 
ings and dimensions. 

Every Day You Use An Exide Battery—rThe Elec- 
tric Storage Battery Company, Philadelphia, Pa., has 
recently issued a 32-page illustrated booklet showing 
various uses of Exide batteries. The object of the 
pamphlet is to suggest by means of artists’s drawings. 
the more important ways in which Exide batteries 
serve in industrial and social life. 


The Metal & Thermit Corporation, New York, has 
issued a small book called Thermit Railroad Instruc- 
tion Book No. 41 expressly prepared for use by men 
actually performing Thermit welding railroad repairs. 
The pamphlet is of a convenient pocket size and the 
instructions have been condensed into the smallest 
possible space consistent with clearness. . 


Benjamin-Starett Panel Boards and Cabinets are 
described and illustrated in catalog S-3 issued by the 
Benjamin Electric Manufacturing Company, New 
York, N. Y. The slogan “For every lighting require- 
ment” briefly expresses the purpose of the standard- 
ized panel boards described in the catalog. A pic- 
torial index is provided for quick reference and shows 


‘clearly, in condensed form, the specific purpose of the 


various types of panels described. 


The Electric Division of the Chicago, Milwaukee & St. 
Paul Railway is the title of an attractive 42-page bound 
booklet published by the General Electric Company, 
Schenectady, N. Y. This booklet is issued as Bulletin No. 
44013A, superseding 44013. It describes the topography. 
of the Rocky Mountains, Missoula, Coast and Columbia 
electrified divisions and gives a short history of the elec- 
tric operation, describing the development of regeneration. — 
The technical elements are also described, including the 
electrical equipment, motive power, the passenger, freight 
and switching locomotives, the sub-stations, the circuit 
breaker protection, the power limiting and indicating sys- 
tem, power supply and the overhead construction. : ; 
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Not long ago when labor was short on the railroads, 
as: it was everywhere else, the fact that a man 
was not enthusiastic over his work 


Where did not excite any particular com- 
Is the Spirit ment. Inefficiency in practically 
of Loyalty every industry was so common 


a thing that really ambitious men 
were few and hard to find. This state of affairs must 
be recognized as the outgrowth of the conditions that 
obtained during the war and as such some reason 
may be found for its existence during that trying 
period. There is, however, no good reason why it 
should continue to sap the resources of the railroads. 
There are today still too many men who are totally 
indifferent to the welfare of the company that em- 
ploys them. 

Many of the better class of railroad employees 
have the wisdom to see the necessity for an honest 
day’s work, but there is still too large a number of 
the other type whose sole interest centers on the pay 
car. They help to increase the payroll and they help 
to reduce efficiency. Moreover, their very presence 
radiates a spirit of discontent and disrupts the morale 
of the men who naturally would be loyal. One of 
two things should be done with these non-producers— 
either by discipline or other means make them render 
service for the wages paid them, or discharge them. 
It is these men who are constantly undermining the 
morale of the better class of skilled workmen. The 
unfortunate part of the situation is that the high 
grade employees are actually supporting these idlers, 
but do not appear to realize the fact. 


A plan for reorganizing the freight-handling facilities 
in the Port of New York has been proposed by the New 
York-New Jersey Port and Harbor 
Development Commission. It in- 
volves a special automatic-electric 
subway system which would trans- 
port freight from a union freight 
terminal in New Jersey over a loop railroad to various 
points on Manhattan Island, where lifts would raise the 
special cars used to the street level for unloading and 
loading. It is described elsewhere in this issue. 

In an address before the New York Railroad Club on 
February 18, J. J. Mantell, manager of the New York 
region of the Erie, left little doubt in the minds of his 
listeners that he was very much opposed to the program 
as outlined by the commission. Mr. Mantell was in charge 
of the railroad terminals in the New York terminal dis- 


An Automatic- 
Electric 
Subway 


trict for the Railroad Administration, and can be regarded 
as a good authority on conditions in that city. He ex- 
pressed the opinion that the proposals of the commission 
were impracticable and would not warrant the expense, 
and suggested the use of specially arranged motor truck 
bodies or detachable containers similar to those used 
at Cincinnati for interchange l.c.l. freight. 

Regardless of what methods are employed to accom- 
plish the result, the fact remains that the Port of New 
York is in need of reorganization and the need is prob- 
ably great enough to cause action in the near future. 
Public opinion in the vicinity is demanding it. At present 
it is difficult to finance a large project, such as suggested 
by the commission, and this very fact strengthens the 
position taken by Mr. Mantell. A system such as used 
in Cincinnati can be applied with comparatively few 
changes and the changes can be made quickly, but par- 
ticularly in New York and vicinity it would mean that 
the traffic would be kept on or added to the traffic on 
already congested streets. In any event, much electrical 
equipment will be necessary in the form of trucks, 
tractors, conveyors, elevators and perhaps railroads. Tue 
electrical, material handling and transportation engineers 
have a problem which must be solved quickly. Some 
program should be adopted so that users of equipment 
can purchase new equipment, which will later fit in with 
a general scheme. 


Readers of the Railway Electrical Engineer who have 
long been accustomed to scan carefully that section 
of the paper devoted to practical 

A stunts will note that this month the 

old heading has disappeared and a 
new one has taken its place. With 
this issue the new department 
known as The Interchange makes its first appearance. 
For some time it has been felt that the Practical 
Stunts column did not entirely meet the require- 
ments as well as it might and that more interest 
could be awakened if this department should broaden 
its scope so as to include a greater diversity of ideas 
and material. Inasmuch as such a changed policy 
would necessarily mean the inclusion of other sub- 
jects than those which could be classified as strictly 
practical. stunts the new title of Interchange was 
chosen. Under the new head practical stunts will be 
published as heretofore. The name Interchange is to 
be interpreted in its broadest sense and space will 
always be available in this department for the inter- 
change of ideas among our readers regardless of 


New 
Department 
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whether or not these ideas can be considered as prac- 
tical stunts. In addition there will be short human 
interest notes in a lighter vein on railroads and other 
related topics. 

Finally, although by no means of least importance, 
will be that portion of the interchange devoted to 
the solution of various electrical problems. This sec- 
tion will be designated as “The Question Corner,” 
and it is hoped that the reader will use it to the fullest 
extent. Questions pertaining to electrical problems 
will be published each month, the correct solutions 
being published the following month. We should like 
to have our readers send in solutions to the problems 
which appear, their solutions to be published in each 
case in the issue immediately following the appear- 
ance of the problem. The question corner can be 
made of greatest benefit to men seeking information 
on specific problems and it is hoped that ey will not 
hesitate to use it to the utmost. 


The Progress Report of the superpower survey which 
appears on page 117 of this issue is particularly interest- 
ing in view of the explicit figures 
and statistics given. The facts pre- 
sented show conclusively that the 
territory affected by the plan will 
ultimately require the entire output 
of the proposed power system. The kilowatt hour de- 
mand within this section is bound to increase and any 
steps that can be taken that will aid in the generation 
of cheaper power should be encouraged in every possible 
way. There has been a feeling more or less prevalent 
that the superpower plan was visionary. The truth of 
the matter is that the scheme is of such great magnitude 
and such a radical departure from the well beaten paths 
of present practice that the majority of “doubting Thom- 
ases’’ are unable to grasp the vast economical importance 
of so great a project. Fortunately, there are enough men 
whose breadth of vision is not circumscribed by the ac- 
tivities of the present and who are capable of looking 
ahead to the requirements of the future. These men have 
placed their ok. on the project and this portends its 
ultimate success. There will unquestionably be financial 
difficulties in the way of a development so large, but the 
eventual demand for power will be more than: sufficient 
to overcome this. W.S. Murray, who is in charge of the 
survey, recently stated that to insure the financial success 
of the plan, it would be necessary for the project to earn 
at least 10 per cent on the investment. John Barton 
Payne, ex-Secretary of the Interior, is of the opinion 
that considerably greater saving than that could be 
effected. He states that one third of the mileage of class 
I railroads in the superpower territory can be economically 
electrified at a cost of approximately $800,000,000 which 
with salvage would be reduced to $650,000,000. It is 
estimated that the cost of electrifying a mile of road in 
this territory would be approximately equal to $40,000. 
These figures are of course estimates based upon informa- 
tion at hand and it is quite possible that they may be at 
variance with the costs when the work is finally accom- 
plished. As these figures are only estimates it is just 
as reasonable to assume that the work could be performed 
for smaller amounts than it is to assume that the sums 
quoted represent the minimum Cost. 


Superpower 
Survey 
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In any event, whether or not the plan is successfully 
carried through at present, there can be no possible ques- 
tion but that the demands of the future will make its 
installation absolutely imperative. 


New Books 


The Standard Electrical Dictionary. By T. O’Conor Sloane with addi- 
tions by A, E, Watson. Published by the Norman W. Henley Publish- 
ing Company, 2 West 45th street, New York. 767 pages, illustrated, 5 
in. by 7 in., bound in cloth. 

Since its appearance in 1892, this work has-passed 
through many editions and found favor as an encyclo- 
pedia dictionary of the subject. The present edition 
has been revised and enlarged by the addition of a 
second part, 185 pages long, containing the terms, ap- 
pliances and theories of modern times. Cuts and dia- 
grams are used to elucidate the text. a 


The Welding Encyclopedia. Compiled and edited by L. B. MacKenzie and 
H, S. Card, editors of the Welding Engineer. 336 pages, 6 in. by 9 
in., illustrated. Bound in cloth. Published by the Welding Engineer 
Publishing Company, 608 South Dearborn Street, Chicago. 


The development of fusion welding processes and the 
rapid extension of their application in industry during 
the past decade has created a field which is now becom- 
ing highly specialized. Although several books have 
been published dealing with various phases of welding, 
the greater part of the literature on the subject is not 
available to the practical welder, for the reason that it 
is widely scattered through periodical publications deal- 
ing primarily with other matters. The Welding Encyclo- 
pedia brings together in one volume a wide range of 
knowledge concerning welding practice, equipment and 
auxiliary appliances for all classes of work. About one- 
third of the subject matter is an illustrated definition 
section in which all words, terms and trade names used 
in the welding trade are defined. Short treatises are in- 
cluded in this section on a number of the more important 
topics, and it also serves as an index to the subject mat- 
ter in the special chapters on the oxy-acetylene, electric 
arc, electric resistance and Thermit processes, the use and 
care of equipment, boiler welding, and the heat treatment 
of steels, which follow the definition section. A valuable 
feature of the book is the section on Rules and Regula- 
tions, which contains a compilation of the various codes: 
of rules applying to fusion welding. These include the 
A. S. M. E. boiler code, the regulations of the Depart- 
ment of Commerce Steamboat Inspection Service, 
Lloyd’s Register of Shipping, the Underwriters’ Labora- 
tory, the National Board of Fire Underwriters, the 
American Railway Association (M. C. B.), and the In- 
terstate Commerce Commission specifications for gas 
shipping containers. The status of welding regulations 
in the various states is briefly summarized, and where 
specific regulations have been developed these are given. 
There is also a catalogue section in which are described 
equipment, materials and supplies sold commercially for 
use in welding. The book forms a valuable reference 
work from which the practical welder may obtain much 
fundamental knowledge of correct practices for a wide 
range of work, and to which the general reader may refer 
for the meaning of terms and for a knowledge of the 
status of the different branches of the art. 


The Montana Canyon as Seen from a St. Paul Observaticn Car 


The Use of Helpers 


in Electric Train Operation 


Helper Cut in 100 Tons Ahead of Middle and Operated for 
Braking Over Summit and Down Grade 


By W. S. H. Hamilton 


Railway Equipment Department, General Electric Company 


PERATING with helpers is the common method 
@) for handling freight trains. The practice on the 
Chicago, Milwaukee and St. Paul was to put the 
helper (where only one was used) at the rear of the train 
just ahead of the caboose. The helper could thus be 
easily cut off to take water, and could be readily cut in 
to the train at the start and cut off the train at the summit 
of the grade. This method leaves.one or two cars in 
the train, at the location where the drawbar stress changes 
from pulling to pushing, which are very nearly free and 
can change the slack’either way easily. This causes trou- 
ble in handling and may be termed “floating slack.” 
It was also the practice with steam power to run helpers 


from the bottom of each grade to the summit; there they 


were cut off, turned, and then returned to their original 
stations, only occasionally being run clear over the hill. 
Electric operation was started on much the same basis. 
The helpers were put at the rear of the trains while as- 
cending the grades but were cut off at the summit and 
run around to the head-end of the train. There the two 
locomotives were connected in multiple unit and were 


used to control the operation down-grade. 


This method of operation was tried for a month or so 
but the results were not entirely satisfactory. Signaling 
between locomotives was difficult because the trains were 
longer and the whistles on the locomotives were not as 
powerful as those on the steam locomotives. The road 


The first dealt 


*This is the third of a series of articles on this subject. 
with passenger service requirement and passenger train operation. The 
second dealt with general requirements for freight train operation. The 
author acted as an instructor to. enginemen on the locomotives used on 
the C. M. & St. P., from December, 1915, to August, 1917, and from 
December, 1919, to April, 1920. 
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(leading) locomotive could not slack the entire train, 
which was necessary in case the helper was not ready to 
start and, when stopping, the engineer on the helper did 
not always realize it promptly. This resulted in draw- 
bars being damaged to such an extent that they were 
pulled out when starting again. Much of this trouble 
came from the “floating slack’? near the middle of the 
train referred to above, and also because electric locomo- 
tives do not slow down as much with the application of 
load as do steam engines. 


How Helpers Are Now Used 


The method was then tried of cutting the helper into 
the train about 100 tons ahead of the middle. This in- 
sures the slack being stretched out on all cars and makes 


_ starting easier because each locomotive handles practically 


its own tonnage. Also it was found practicable to keep 
the helper locomotive in the train while descending and 
allowing it to regenerate to assist in holding the train. 
This method of operation proved successful and has been 
used ever since. 

The helpers all operate out of one station and normally 
run clear over the hill, returning with the next train in 
the opposite direction. Occasionally it is necessary on 
account of traffic movement to cut the helper out at the 
summit and let the road locomotive take the entire train 
down the grade. At such times both regeneration and 
air brakes have to be used in combination as previously 
described. Operating the helpers out of one station re- 
duced the number of crews and locomotives required. 

When ready to start on an ascending mountain grade 
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-with a helper in the train, the train brakes are released 
and the train is held by the independent brakes on the 
two locomotives. The engineer on the road locomotive 
“whistles off” and the engineer on the helper locomotive 
answers if he is ready. These whistles are not always 
heard, however. When the engineer on the road loco- 
motive hears the helper “whistle off” or after waiting a 
reasonable length of time, he brings the controller onto 
the first or second notch and releases the independent 
brakes. This keeps the locomotive from rolling back 
against the train and as soon as the brakes release the 
controller is moved out slowly until the train starts, or 
until the current is as near the wheel slipping point as it 
is advisable to go. This stretches all the slack in the 
train as far back as the helper locomotive. The engineer 
on the helper locomotive watches the drawbar of the car 
forward of his locomotive and as soon as this stretches 
out brings his controller onto the first or second notch and 
releases the independent brakes on the locomotive. As 
soon as they have released he notches the controller out 
slowly and carefully until the train starts, or until his 
locomotive has reached as close to the wheel slipping point 
as it is desirable to go. After the train has started both 
engineers watch their ammeters and accelerate as close 
to the wheel slipping point as desirable until they have 
reached the full parallel position of the controller. 

If, however, the train does not start in what the engi- 
neer on the road locomotive considers a reasonable time 
he notches back his controller slowly and allows the train 
to drop back gradually against the helper locomotive. 
This is a signal to the helper locomotive to be ready to 
start and as soon as the engineer on the road locomotive 
feels the jolt of the train bunching against the helper 
locomotive he again attempts to start as before. In cases 
where several attempts are made to start, this “rolling 
back’’ operation is usually repeated with increasing 
severity each time so that the engineer on the helper loco- 
motive will have no doubt as to what is required. When 
the latter sees the train dropping back against him as 
shown by the drawbar of the car ahead, he brings the 
controller on the first or second notch and releases the 
independent brakes so as to be ready to start when the 
leading locomotive again pulls the slack out of the train 
ahead. 

In stopping the train, the engineer on the road locomo- 
tive notches his controller off slowly. This becomes ap- 
parent on the helper locomotive by the ammeters indi- 
cating a higher value of current and the helper locomotive 
engineer noticing this, notches back his controller to hold 
a slightly lower value of current than was required by 
the train while running. This process is continued until 
the train comes to rest when he applies the independent 
brakes and shuts off the controller. The engineer on the 
road locomotive does the same and sometimes applies the 
automatic air brakes to assist in stopping. This process 
of stopping requires as much or more care than starting 
and the control must be designed to give the proper steps 
both when turning off as well as when turning on. 

It is really surprising how much information can be 
obtained from the ammeter on the helper locomotive and 
from the action of the drawbar of the car ahead. With 
a little experience and a reasonable knowledge of the 
profile so as to know where slowdowns may be expected 
it is possible to tell practically everything that the engi- 
neer on the road locomotive is doing, 
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When descending a grade the helper locomotive also 
regenerates to assist in holding the train. If the start 
down the grade is made at the summit and the train has 
to be pulled in order to start it, the helper locomotive 
engineer commences regeneration when he notices the 
drawbar on the car ahead shove in. If the start is made 
from rest on the descending grade he commences regen- 
eration when the first airbrake application is made at the 
same time as the road locomotive. The helper locomotive 
is only supposed to regenerate enough so that the road 
locomotive can readily control the train speed. This 
means that about 30 to 40 per cent of the load is taken 
by the helper and 60 to 70 per cent by the road locomo- 
tive. In case the helper does not regenerate enough the 
engineer on the road locomotive makes an application of 
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the airbrakes and releases soon afterwards. The helper 
locomotive engineer notices this and knows it is a signal 
to increase the amount of regeneration. 

When stopping, the road locomotive engineer makes an 
application of the automatic brakes and then shuts off his 
controller when the line current has dropped to about zero. 
The engineer on the helper locomotive does likewise and 
both allow their driver brakes to apply. After the traim 
has stopped, the brakes are released on the helper loco- 
motive and the train is held by the independent brakes on 
the leading locomotive only. 

At the bottom of the grade the helper locomotive is cut 
out. The brake pipe pressure is also dropped from 90 
Ib. which is carried on mountain grades to 70 lb. A 
wise engineer applies and releases the brakes on the train 
twice, making heavy applications each time before start- 
ing as otherwise the brakes will stick due to what is vir 
tually an overcharged brake pipe. = 


March, 1921 


Cold Weather May Cause Many Difficulities 


The operation of starting on a mountain grade is fairly 
easy in good weather but in cold winter weather after the 
train has been standing an hour or so and the oil has con- 
gealed in the journal boxes it is no easy matter. Care 
must be taken not to apply so much power that a drawbar 
will be pulled out of some car weaker than the others ; this 
danger is always present in merchandise trains. One is 
often between “the devil and the deep sea,” for if enough 
power is applied to really get the train going in good 
shape a drawbar or “lung” may come out; if less power 
is applied the train accelerates slowly and there is the 
possibility of not being able to accelerate to a running 
position of the controller before the rheostats overheat. 

The friction after the train has been running for an 
hour or so is about the same as it is in warmer weather 
but it is very high when starting. Then too there is 
usually more or less ice and snow on the track which 
makes the locomotives slip their wheels easily and re- 
quires good sanding of the track and careful watching 
by the engineer. It is possible by notching back a couple 
of notches to catch wheels that have just started to slip 
but once they are allowed to spin it is necessary to shut 
off and start over again. Wheel slipping, especially if it 
occurs suddenly on mountain grades, is dangerous in that 
the sudden shifting of load which takes place between the 
two locomotives is liable to pull out or push in a draw- 
bar. Wheel slipping can usually be detected before it 
becomes serious by the “fluttering” of the ammeter needle 
and when this occurs an application of sand must be made 
promptly. This “fluttering” is noticeable whether the 
ammeter is in the circuit of the particular motor which 
is slipping or not. 

The airbrakes give a great deal of trouble in weather 
colder than 10 deg. F. The hoses freeze stiff, usually 
when the train is standing more or less bunched; when 
it is stretched out again they leak badly or open up en- 
tirely. This often causes the brakes to stick and their 
action is uncertain at best. When the brake pipe is leaky 
the feed valve chatters because of the large volume of 
air passing through it and this is not only very disagree- 
able to one who has to listen to it continuously but the 


valve usually manages to freeze up in time and must be 


thawed out. 


{ 


Sometimes it freezes shut, in which case 
the brakes apply at once due to the leaks in the brake 


pipe; sometimes it freezes open and admits main reser- 


voir pressure to the brake pipe. This means that the 
brakes will stick after it has been thawed because of the 
brake pipe being overcharged. In such cases it is best 
to attempt to keep the train moving, although it is some- 
times necessary to shut the controller off in case the ad- 
ditional load due to the brakes dragging causes the cur- 
rent to go too high. 

‘When an application of the automatic airbrakes is made 


_ on a long train, there is first a high pitched whistle which 


| 


brake valve can. 


is caused by the air exhausting from the equalizing res- 
ervoir and this is followed, in maybe a second or less, by 
the deep roar of the air exhausting from the brake pipe 
itself. With a very leaky brake pipe the leaks may draw 
down the pressure faster than the equalizing valve in the 
In such cases only the first high pitched 
whistle is heard. This usually means a damaged draw- 


_bar before the train is stopped as in such cases the brakes 
apply hardest at the rear of the train and the train is 
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stretched out.. To counteract this an effort is made to 
draw down the brake pipe pressure faster at the brake 
valve by making as heavy an application as possible with- 
out actually going into emergency. 


Train Slack 


Train slack is very peculiar and in a long train seems 
to give trouble in three sections; the head, middle and 
rear. The cars in these sections seem to run closely 
bunched together with considerable slack between the sec- 
tions and this more or less free slack is always ready to 
start trouble. This is especially the case on lighter grades 
or nearly level stretches. There was a certain station on 
the C. M. & St. P. where there was a sag in the track 
with about 2,000 ft. of not over .4 per cent grade on each 
side of the sag. When running through this sag the con- 
troller had to be moved back to series in order to prevent 
too high a speed being attained, but still power was being 
applied to the train. Twice while the writer was instruct- 
ing on this particular section of the road trains broke-in- 
two near the middle while passing through the sag. Ap- 
parently the rear end speeded up enough to overtake the 
head or middle portion and some cars came together 
enough to either uncouple, or else when the train stretched 
out again as it started to ascend the grade there was 
enough of a shock to pull out a drawbar or break a 
knuckle. These two cases happened within a short time 
of each other and give some idea of the unforeseen and 
unavoidable incidents which happen in freight train 
handling. 

There was a certain canyon on the St. Paul where there 
were many curves on about an .8 to 1 per cent grade— 
just enough so that the train had to be held back a little 
at times when descending and yet not enough to require 
heavy applications of the airbrakes. Application less than 
8 to 10 lb. usually mean that the brakes will stick more 
or less after releasing so that with steam locomotives more 
or less trouble was experienced in taking trains through. 
With the electric locomotives regeneration is used instead 
and the need of the light applications is eliminated and 
operation is thus made easier. 


Locomotive Design 


To meet the conditions of train handling, as outlined 
above, successfully the control equipment of the locomo- 
tives must be carefully designed so that sufficient rheostat 
steps and ample rheostat capacity will be provided. The 
acceleration curves on resistance of the C. M. & St. P. 
freight locomotives are shown on the chart. It will be 
noted that the change in tractive effort between notches 
when accelerating to a maximum of 25 per cent coefficient 
of adhesion is about 21,000 lb. for the total of 8 motors on 
a locomotive. The rheostats are designed to allow an 
acceleration at an average value of 210 amp. correspond- 
ing to about 16 per cent coefficient of adhesion for 25 
minutes and 300 amp. corresponding to 25 per cent for 
15 minutes. These capacities have proven ample in ser- 
vice but are not too large for winter work. It will be 
noted, too, in examining the curves that the steps are close 
together from the fourth notch to the eighth, inclusive, 
and are then spread out more. This provides steps close 
together at the most critical time in starting a heavy 
train. The increments in tractive effort between steps 
have always been satisfactory so that it may be assumed 
that the proper increment to use with this size locomotive 
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is about 20,000 Ib. to 25,000 Ib. per step after the train 
is in motion. 

The field shunting position gives about 50 per cent 
shunting which is about the maximum which can be used 
on account of the commutation of the motors. 

It is necessary that the traction motors be so designed 
that they can have currents up to 20 to 25 per cent co- 
efficient of adhesion applied for about five minutes with 
the locomotive stationary without injury to the commuta- 
tor. This is often required in starting heavy trains. No 
trouble from this cause was ever experienced on the C. M. 
& St. P. locomotives. 

Direct current locomotives using series motors for 
freight service have a great advantage as far as this work 
is concerned in that the tractive effort developed depends 
only on the current input and does not vary with the volt- 
age. Therefore, variations in voltage do not affect the 
ability to pull the train or the current input but simply 
change the speed. There is some increase of heating 
due to slower speed of the blowers but this can be neg- 
lected for short periods. In case of reduction of voltage 
for any reason the trains can still be kept moving. The 
auxiliaries were designed to operate at a minimum of one- 
half normal voltage (1,500 volts) and some will operate 
as low as 1,000 volts, although at this voltage the air com- 
pressors will not pump up a long train. This feature is 
also made use of by the power limiting system which was 
described in the April 9, 1920, issue of the Railway Age. 

They also have an advantage in that the speed during 
regeneration can be varied over quite a wide range espe- 
cially if the train weight is below the maximum. This 
-allows the lighter trains to make faster time and helps in 
getting trains over the road. When operating full ton- 
nage trains on the mountain grades, practically only one 
speed is available ascending or descending, but there are 
usually stretches of lighter grades or nearly level track 
between mountain grade sections where it is desirable to 
use higher speeds. 

Freight service in mountain railroading is far more 
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fascinating than passenger service although, of course, it 
involves much longer and harder hours. It requires at 
times the greatest skill, patience and resourcefulness on | 
the part of the engineer, and this is not always appreciated 
by those who have not followed the work on the road, 
particularly in winter. 

The writer would like to express his thanks to the en- 
gineers and others on the C. M. & St. P. with whom he 
was associated, particularly in the early days of the elec- 
trification, who worked out many of the methods described 
in this article and who also showed him many practical 


“kinks” in train handling that in considerable measure 


made the writing of this article possible. 


Edison Medal Awarded to Prof. Pupin 


On February 25, the American Institute of Electrical 
Engineers awarded the Edison medal to Professor 
Michael Idvorsky Pupin, of Columbia University, 
for work in mathematical physics and its applica- 
tion to the electrical transmission of intelligence. 
Prof. Pupin has done a great deal in the art of com- 
munication and in both wire and wireless work his dis- 
coveries have been of utmost importance. His work in 
the development of the loading coil made possible the 
long distance telephony of the present day. His early 
experiments with electrical resonance resulted in the per-_ 
fecting of apparatus for selective receiving of signals in 
connection with radio work. During the war Prof. Pupin 
served on several war work committees, one of which, 
with headquarters at New London, Conn., developed a 
method of determining the exact location of submarines 
at rest. aa 


A morality that is based upon prejudices defeats its 
own ends, because morality that is not based upon sound 
human and universal principles can not be considered as 
morality at all. ~ 
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Lighting Facilities for Small Railroad Towns 


An Outline of a Plan Which Is Sure to Be Popular 
and of Mutual Benefit to Both Road and Town 


By Alfred C. Turtle 


RAILROAD is usually conceived in the brains of 
financiers for the purpose of deriving income from 
investment in it and, as shown in the history of 

these ventures at different periods, there has seldom been 
disappointment. While the idea of eventual gain has 
been the driving power behind these enterprises, greater 
and far-reaching demands in the way of agricultural, 
mining and industrial enterprises have served to develop 
the railroads at a much faster rate than has been ex- 
pected by the original planners of such prospects. This 
has meant that a railroad, instead of being merely an 
instrument to benefit a few, has become a master insti- 


Front and Rear Views of Typical Standard Switchboard Used On 


the Grand Trunk Pacific. The Watthour Meter for the Town Line 
will be Placed on the Upper Part of the Right Hand Panel (Front 
View). 


tution, benefiting the country in colonizing and building 
up localities that would be comparatively uninhabited 
otherwise. 

The relation that a railroad may have to small town- 
ships that are located at its divisional points is such that 
the following suggestions are within logical accomplish- 
ment : 

Real estate operations have, to a large extent, played 
their part in the layout of the residences in these small 
towns, and the consequent result has been that they are 
Scattered about with wide open spaces between houses, 
and in such a way that it has been almost impossible to 
tun distribution systems for electric energy, drainage 
systems or domestic water supply systems on a proper 
economic basis. The consequence is that there are a large 


number of small electric lighting plants that can never 
hope to pay other than operating and repair charges, 
at least not within ten years, and, therefore, the interest 
on the capital invested will remain unpaid, resulting in 
so much dead loss and tied up money. This cannot be 
blamed altogether on the real estate activities, because, 
in a large number of cases, the engineering end of the 
proposition has been handled by men who have only made 
a half-hearted study of local conditions; in some cases, 
where they have not made the necessary study of the 
financial end of engineering to warrant their standing 
as professional engineers or to warrant their designing 
these plants. In other instances, the engineer’s idea was 
to put something up, closely alining the idea of the old 
Roman bridge builders—to put a plant in that would 
stand for one hundred years as it was, but could only 
take care of immediate demands, so that if the demands 
were increased fifty per cent a new power house would 
have to be built to contain the additional generators and 
a new distribution system would have to be installed to 
carry the load. 

In some cases “garden city” ideas have been applied 
with disastrous results in the way of good street light- 
ing. In one case the distribution system was laid out 
so that there would be no poles or wires on the main 
street. In order to do this the town (approximately 
1,000 inhabitants) was fed by two main feeders located 
three-quarters of a mile away, and parallel with the main 
street. Each transformer secondary system was brought 
down at right angles, to the rear of stores along the main 
street frontage and along the back lanes. The conse- 
quence of this design was that an excessive amount of 
copper was required to keep the voltage drop reasonably 
constant throughout and that the installation of a single 
street light would cost around eighty to ninety dollars, 
owing to the necessity for putting in two or more poles 
in order to reach the sidewalk. Under these conditions 


‘an initial expense, instead of being $10,000 for the dis- 


tribution system, required an expenditure of $25,000. 
In another case the designing engineer located the gen- 
erating plant at the extreme distance from the railroad 
and installed a steam plant to run a 50-kilowatt generat- 
ing system. It was located where coal cost a maximum 
figure and where heavy trucking charges would be in- 
volved. The operating costs therefore made it necessary 
that very high rates would have to be charged per kilo- 
watt hour before even considering the question of de- 
preciation or interest. 

Still another example may be quoted where the engi- 
neer’s interest ran in the direction of storage batteries. 
The result of this was that a certain rapidly growing 
town of 2,500 inhabitants had the pleasure of paying for 
a direct current, storage battery system that held won- 
derful possibilities in it, in saving night labor (batteries 
charged during the day and part of the peak load period) 
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but which also had a remarkable line voltage variation 
at different points on account of the lack of large copper 
conductors that it required. The town was also up 
against the fact that the designer had forgotten to advise 
how often the storage batteries would have to be repaired 
and replaced. The reader will no doubt have the idea 
running through his mind that such a plant in a grow- 
ing town would probably be sold for scrap at a later 
date, and in this he is not far wrong. Imagine the loss 
entailed to a town operating with such a system with 
its incapacity for extending on anything that could be 
called an economic basis. 

If one were to go over the different histories and note 
the different types of plants existing on this continent of 
ours he would come to the conclusion that inasfar as 
small towns were concerned coal burning steam plants 
were the correct things to install in the middle of an oil 
country where coal was prohibitive and that the reverse 
should rule where the towns were close to coal mines 
and oil was prohibitive in cost. It is not the purpose 
here to decry these attempts to progress, but to point out 
and offer constructive criticism that would be of value to 
our coming and present engineers, and for this purpose 
it is proposed that the following suggestion will be of 
general use: 

A divisional point on any railroad is usually composed 
of a roundhouse with its quota of engine stalls, auxili- 
aries, power repair department and switching track. The 
roundhouse auxiliaries usually consist of a washout plant 
in which water is heated to a certain desired temperature 
for washing out locomotive boilers and for filling these 
same boilers with clean hot water at a temperature as 
near 212 deg. F. as possible. Anyone acquainted with 
the desirability of the speedy despatching of locomotives 
that is required in these days of efficiency first and the 
amount of washing out that is required in the bad water 
districts will appreciate the importance of having lots of 
extra steam or steam at very low pressure. There is 
installed as part of the roundhouse equipment a battery 
of boilers which provides the steam ‘for the plant for 
blowing fires up on the locomotives, for operating the 
usual air compressors, electric generating equipment, 
hump and machine shop engines, and, in addition in win- 
ter, the heating of the roundhouse, the various shops and 
offices, in some cases even extending this heating to sta- 
tion buildings. A complete staff of stationary engineers, 
firemen and laborers must be carried for taking care of 
the boilers and stationary plants in almost every case. 
The operation of the various engine units requires steam 
at pressure ranging from 90 to 200 lb., depending upon 
the standards used by each particular road, but the heat- 
ing system and wash-out heating plant does not require 
anything but exhaust steam and the consequent vacuum 
pumps. This combination means that steam can be used 
on a very economical basis in the prime movers, provid- 
ing the capacity of these prime movers bears a reason- 
able and fixed proportion to the size of water heating 
plant installed. 

Most of our readers will appreciate how comparatively 
little heat is lost in reducing steam from 125 lb. gage 


pressure to 2 lb. above atmosphere or 2 lb. gage pressure. 


For instance, the steam table would give this value as the 
difference between 1 Ib. of steam at 125 Ib., or a total of 
1,187 b. t. u. and 1 Ib. at 2 lb. pressure containing 1,148 
b. t. u., equalling an actual heating loss of 39 b. t. u. 
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Those who use feed water heaters or similar heat con- 
serving devices will appreciate the value of this, par- 
ticularly from the fact that 1 lb. of this steam at 2 lb, 
pressure would heat 8.17 lb. of water from 80 deg. to 
200 deg. F. In a roundhouse plant where hot water is 
of first importance and where steam pressure of at least 
90 lb. must be maintained for operating the necessary 
auxiliaries, it would seem that this would be an important 
item. It follows that the actual fuel cost of operating 
these auxiliaries which take the steam at high pressure 


A 50-Kw. Engine Generator Set With Belted Exciter 


and return it to the water heater or wash-out plant, 
would be very low. 


Estimation of Costs 


Assuming the foregoing conditions, at the average di- 


vision point it could be stated that costs would be figured 


as follows for the generation of electric energy: 


Usual Equipment, 18-Stall Roundhouse. 


3—150 hp. return tubular boilers. 

Wash-out plant to take care 20 despatches a day. 
Air compressor, 1,000 cu. ft. capacity. 

Pumps. 

Shop stationary engines, 125 hp. 

Heating plant: 


100-kw. generator, 3 phase, 2,300 volt, direct connected — 


to atittomatic compound non-condensing engines. 


Fuel at $7 per ton of 2,000 lb. 


Water rate of boilers 6 Ib. from and at 212 deg. F. per 
lb. of coal; this rate is an average struck from 18 _ 


divisional boiler plant tests. 


Water rate of engine (new) at 34 load per en hour | 
would be approximately 27 Ib. steam at 125 Ib. pres | 
sure, or for average conditions increase by 25 per 


cent, making the water rate 34 lb. 


\ 
| 
( 


Allow 20 per cent increase for electric generator losses; _ 


this would mean a total water rate of 54.6 Ib. steam > 


per kw. hr. 


Fuel Cost direct would be 
Approximately 3 cents per kw. hr., but because 80 per 


cent of the heating value of the exhaust steam would / 
be utilized in the wash-out plant we could only — 
charge 1/5 of this figure, or .6 cent per kw. hr. as | 


fuel cost. 


| 


f 
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To the Above Figure Must Be Added 
(a) Fixed charges. 
(b) Labor. 
(c) Overhead. 
(d) Waste, Lubrication and Repairs. 
These would have to be figured on a monthly basis. 


Fixed Charges should be a proportion of the boiler re- 
quirements and the coniplete capitalization required to 
install the engine generator and switchboard. 

A nominal figure of $20,000 would be reasonable for 
this, assuming the use of a 100 kw. set. 

12 per cent would be composed of 6 per cent interest, 
1 per cent insurance and 5 per cent depreciation. 

This would amount to a monthly charge of.. $200.00 


Labor. 


On a plant of this kind hand firing would most likely 
be used, therefore the following staff would be re- 
quired: 


Beaeorers at $120 x 3 == 2)... as $360 
Bearemen at $156 x 3 —-........ 468 
@eseaty. enpts. at $160 x 2==.... <- 320 

$1,148 


20 per cent of this would be a high rate to charge the 
electric plant with, but, for purpose of comparison, 
this figure will be used. 


Therefore, cost of labor, per month...... $229.60 


Overhead Charges may vary considerably, but, as an 
average, 80 per cent of the labor cost could be defined 
as a reasonable rate. 


Bea> would be monthly?~s>............... $183.68 
Waste, Lubrication and Repairs at .0025 cent 

per kw. hr. at a monthly consumption of 

Me kw. hr. would be................ 5138.75 

Load Conditions—Monthly Average 

Lighting Load. 

fee era 10 hours... . 1... ss. eee 300 hours 

Beiewa demand, 25 x 300............. 7,500 kw. hr. 
Power Load. 

Two shift (30 days at 16 hrs.)....... 480 hours 


480 hours (100 kw. demand, average). 48,000 kw. hr. 
Total average monthly load 55,500 kw. hr. 


‘oes ee 6 6 eo 


Summary of Cost as Per Above. 


TE 3d $333.00 
Bee ised Charges.............. 200.00 
BME ADGr*. 2... s.... ence 229.60 
Bmmoverhcad ................. 183.68 
(d) Waste, Oil and Repairs: 2 138.75 

$1,085.03 


Total cost per kw. hr. will then be: 
$1,085.03 divided by 55,500, or 1.9569 cents per kw. hr. 


This figure would vary of course according to the 
amount of labor chargeable, and would be in proportion 
to and conversely with the ratio of the steam require- 
ments of prime mover used with the electric generator. 
Thvestigation of a number of plants of this character 
would show that this total figure of 1.9 cents per kw. hr. 
would rarely rise above 3.5 cents if the correct propor- 
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tionate charges were made against the different portions 
and auxiliaries of the roundhouse. 

The question will probably arise in the minds of some 
readers as to why install generators other than to pro- 
vide artificial lighting which would be taken care of by 
means of a 15 kw. unit set? There are a number of rea- 
sons why. To begin with, most classification yards cover 
a wide area extending a mile or so one side of the round- 
house, the station buildings are located some distance 
away. Auxiliaries, such as coal handling plants, 
repair yards, etc., are also subject to distance; the natural 
thing to take care of the lighting of these is to use a. c. 
energy, especially if consideration of voltage drop, eco- 
nomical use of copper, etc., is going to rule. As a. c. 
generators are seldom made much below 30 kw. sizes, 
and as it is generally found by experience that if power 
of this kind is available, there is at once a distinct and 
pressing demand for the addition of small motors to the 
many needs that are found around such a plant, it fol- 
lows that the designing engineer will put in a larger plant: 
than at first might seem necessary. It will be soon found 
that this foresight will mean a saving in applications 


A Typical 50-Kw. Compound Engine Generator Set 


such as water pumping plants located some distance 
away, where full control can be arranged from the 
switchboard at the roundhouse, thus doing away with 
hauling and labor charges at the pump house itself. 
Small towns with their appreciation of the advantages 
of electric energy, if located at these points, very soon 
begin to make inquiries as to the purchase of power for 
lighting and domestic purposes. There is a distinct ad- 
vantage to the small towns if they can purchase energy 
from such a plant in that 24-hour service is required as 
a rule by the railway, and therefore would be available 
to the town. Such service as this in the ordinary course 
of small town enterprise is almost impossible and there- 
fore usually limited to sunset to sunrise schedule, and 
sometimes only from sunset to one o’clock a. m. 
Railroad franchises usually carry clauses which place 
legal technicalities in the way of supplying energy in 
this manner, with the idea that a railway should not 
enter into competition with private enterprise. This idea 
should be kept up to a certain extent, but no further, for 
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where conditions are such that a town has a population 
of 5,000 or less, benefit would accrue to both the railway 
and town if the former supplies electrical energy for do- 
mestic consumption. 

Next comes the question of policy in the distribution 
and metering systems, and the consequent office and bill- 
ing charges. This is the part that should be taken care 
of by the town. The railway should sell the energy at 
the switchboard at a wholesale rate only, and its responsi- 
bility should cease from there on. This rate could be a 
nominal charge, say 5 cents per kw. hr., on a flat rate 
or sliding scale, whichever is found necessary. The town 
itself can possibly finance and manage this part by means 
of bond sales or it can franchise this utility to private 
interests. . 

Finally, the question of control of the development of 
electric supply in small towns located away from railroad 
divisional points comes to the front. This matter be- 
comes a question as to the cost of the fuel to be used, 
the area to be covered by the distribution system, the 
number of consumers and the type of plant to be in- 
stalled. As a rule it will be found that a steam plant, 
unless located in a coal mining area where fuel is cheap, 
would be out of the question. There are only three 
sources of power left, and of these the hydro develop- 
ment, unless extremely favorable to local conditions and 
small capital outlay, would carry too high a fixed charge 
with it to enable energy to be sold at a reasonable figure. 
A gas producer plant might be suitable in some locations 
but it should be remembered by the designing engineer 
that depreciation is fairly high on the producer, scrubbers 
and tar extractor portion of the plant. Experienced 
labor is required and more of it than in fuel oil plants, 
and where the rates chargeable might be favorably in- 
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fluenced by the economy of fuel cost they may be un- 
favorably acted upon by high investment, labor and re- 
pair charges. The oil plant would probably be the most 
satisfactory in the majority of cases, because of its com- 
parative simplicity, small investment charge and also, 
which is important, the fact that labor of an experienced 
nature can quickly be found for its operation and up- 
keep. 

As each problem would be always a matter of local 
conditions it would be impossible to propose a standard 
plant or standard system of distribution. Such propo- 
sitions should be subject to some form of control from 
a central advisory engineering department. Such an 
engineering department should not design such plants, 
but should have designs of consulting engineers sub- 
mitted to it in order to suggest the necessary constructive 
criticism and improvements, to better the standing of 
this particular type of small town plant and to create a 
better financial standing and thought towards such ven- 
tures. 

The rates to be charged locally at each plant of this 
description could be properly mapped out, allowing 
enough to take care of the depreciation, repairs, interest 
on capital, operating and distribution costs, and also of- 
tice charges. We would then be able to state the cost 
of service on a correct engineering basis, because after 
all the financial end is of just as much importance as the 
correct type of prime mover if the promoters of the plan 
are really to fulfill their responsibilities to the public at 
large. 

Justice can only rise on the scales of Equity in the 
proportion the weight of prejudices is dropped on the 
other side. 


Eleventh Annual Reunion of the Retired Employees’ Association of the Pennsylvania 


Proposed Reorganization of the Port of New York 


Special Automatic-Electric Subway System Feature of the 
New York-New Jersey Commission Report 


FTER more than three years’ intensive study and 
A planning, the New York-New Jersey Port and 

Harbor Development Commission has completed 
its plan for the reorganization of the Port of New York 
and has submitted it to the state legislatures. The report 
covers not only the plan recommended, but also contains 
the results of studies relative to possible solutions to the 
problem by means of overhead and underground systems 
connecting New York and New Jersey for the use of 


Initlal Development of the Automatic-Electric System 


standard equipment ; motor truck service; cableway truck 
conveyor service and improved water transfer service, 
| all of which, however, were found unsuitable. 

The New York-New Jersey Port and Harbor Develop- 
ment Commission consists of William R. Willcox, chair- 
man; J. Spencer Smith, vice-chairman; Eugenius H. 
Outerbridge, DeWitt Van Buskirk, Murray Hulbert and 
Frank R. Ford. Major-General George W. Goethals is 
consulting engineer; B. F. Cresson, Jr., chief engineer; 
Julius Henry Cohen, counsel; William Leary, secretary, 
and C. A. Ruhlmann, assistant secretary. 
| 


The Comprehensive Physical Plan 


A complete reorganization of the railroad terminal sys- 
tem is the most fundamental physical need, such a re- 
organization involving new methods of handling freight 
from the break-up yards of the railroads. The plan 
recommended calls for improving and opening up for joint 
use the existing belt-line links in New Jersey and con- 
structing other belt lines along navigable New Jersey 
waters and farther inland; building similar marginal rail- 
roads along navigable waters adjacent to Brooklyn, 


Queens, Staten Island and the Bronx and utilizing with 
them the Long Island and the New York Connecting 
Railroad to form a belt-line system in New York; con- 
necting the New Jersey and New York belt systems, at 
first by car ferry and ultimately by tunnel under the 
Upper Bay ; operating all of these lines jointly and oper- 
ating jointly, through new joint railhead terminals, all 
railroad marine service not replaced by other service; 
and building an underground railroad system carrying 
special electrically operated cars, connecting with all of 
the railroads of the port, serving virtually all of Man- 
hattan and enabling the railroads to discontinue their 
pier stations and consequently release the waterfront to 
other uses. 


Present Railroad Operations 


Twelve railroads, exclusive of purely local enterprises, 
come to the Port of New York. Nine of these enter the 
district from New Jersey, have their railheads in New 
Jersey or Staten Island, and are referred to as the New 
Jersey railroads. The remaining three enter from New 
York, terminate in New York, and are referred to as 
the New York railroads. 

The commission’s analysis, which it believes to be 
more accurate than any previously attempted by any 
agency, gives the following figures for operating costs in 
1914: For goods handled at Manhattan car-float pier 
stations or inland rail stations, $1.60 per ton; for goods 
handled at Brooklyn, Harlem or Bronx stations, $1.48 per 
ton; for goods lightered, $2.14 per ton. 

On the basis of 1918 prices, which are obviously much 
higher than those of 1914, the commission estimated that 
the total terminal costs to the railroads were about $2.25 
per ton for freight handled to or from Manhattan stations, 
$2.08 for that handled to or from Brooklyn, Harlem or 
Bronx stations, and $3.01 for freight lightered. Consider- 
ing the tonnage at the Manhattan stations alone, which 
amounted in round numbers in 1918 to 8,500,000 tons, the 
cost of the terminal operations at $2.25 per ton was about 
$19,125,000. Assuming an average terminal allowance 
for this freight of 75 cents per ton, the total allowance 
would be $6,375,000 and the deficiency of the terminal 
charge in the single year on the one class of freight 


would be $12,750,000. 
Initial Development of Automatic-Electric System 


In the initial development it is proposed to link up the 
New Jersey railroads by a belt line along the eastern 
margin of the Hackensack Meadows and build a joint 
railroad yard in New Jersey east of the Croxton yard of 
the Erie. The automatic-electric tracks will start from 
this joint yard in New Jersey, pass under Bergen Hill 
and the Hudson River to a point in Manhattan at about 
Forty-seventh street, thence turn southerly and pass under 
certain streets suitable for the location of convenient 
terminals, turning back to the joint yard via another set 
of tunnels in the vicinity of Battery Place. 

A consignment of freight for one of the Manhattan 
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terminals, coming in a train with freight for other parts 
of the port district, will enter the existing break-up yard 
of the railroad company. Here the standard railroad 
cars will be classified as at present, and the car containing 
this shipment, together with others containing other 
freight for Manhattan, will be delivered to the public or 
private company operating the terminal system at the 
intersection of its belt line with the railroad company’s 
line. The standard railroads cars will be hauled to the 
joint yard and placed in a receiving yard, whence they 
will be switched to tracks alongside the inbound ends 
of long transfer platforms. 

Each of these platforms, 24 in number, will have a 
standard-equipment track on one side and an automatic- 
electric track on the other side. The freight will be un- 
loaded from the standard railroad car upon trailers about 
3 ft. by 6 ft., and the trailers will then be hauled by 
tractors or by hand along the platform and placed upon 
one of the automatic-electric cars, which will hold 12 
trailers. The standard railroad car will be pushed along 
the platform to the outbound end and reloaded with out- 
going freight from other trucks, whence it will pass into 
an advance yard and be despatched to the railroad from 
which it came, or to any other railroad to which it is to 
be delivered. 

The consignment of freight will meanwhile have been 
loaded upon one of the special electric cars—a car some- 
what larger than the ordinary box car, with a roof to 
protect its contents, but roll sides to permit trailer trucks 
to be wheeled upon it at any point. 

This car, controlled from alongside by a switch on 
the car within reach of an operator on the transfer plat- 
form or on the ground, will move from the platform at 
a low rate of speed (from 2.2 to 6.6 miles per hour) 
and be switched to a track assigned to the particular 
terminal to which the freight is destined, freight for 
only one terminal having been placed on the car. When 
sufficient automatic-electric cars have been accumulated, 
eight will be coupled together and despatched in a train. 
This train, with no other manual direction than the throw- 
ing of the track switch, will be accelerated to a speed of 
1,200 ft. per min. (13.2 miles per hour) and take its 
place at not less than an established distance behind 
another train probably destined for a different terminal. 
The train wiil bear a distinctly visible indication of its 
destination, and when it reaches the entrance of its 
terminal an operator will throw a switch and divert it to 
a siding, where brakes will automatically be applied and 
it will come to a stop. 

From this siding the automatic-electric cars will be run 
singly at slow speed upon an elevator. The elevator will 
raise the cars one at a time to an inbound platform at 
the street level and the cars will be run off under their 
own power. This platform will be the length of several 
cars, and each car will remain alongside the platform a 
minimum of 12 minutes, affording ample time for the 
wheeling off of the trailer trucks and the wheeling on of 
empty trucks. The consignment will be placed on the 
platform to be called for, as at the ordinary freight house, 
or removed to storage if the consignee fails to call for 
it within the free time limit. 

The automatic-electric cars, having discharged their 
loads and received empty trailers, will be advanced one 
by one to a second elevator, which will lower them one 
floor to the outbound platform at the basement level. Here 
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the cars, after having again at least 12 minutes in which 
to unload their empty trailers and receive loaded trailers 
with outbound freight, each car receiving freight for a 
single railroad, will proceed back to the original elevator 
shaft. The cars will then be run upon the first elevator 
and be lowered to the track level, this elevator having 
meanwhile made several trips and brought other cars to 
the inbound level. 

Running off the elevator at the side-track level, the 
automatic-electric cars will be held until eight have ac- 
cumulated, when they will be coupled and despatched as a 
train by exactly the same process as from the New Jersey 
yard, an interlocking signal system controlling the time 
when the train shall enter the main-line system. 

Arriving at the joint yard, the train will be switched 
to one of the tracks of a receiving yard, where it will be 
brought to a stop automatically as before. Here the auto- 
matic-electric cars will be cut off one at a time, and 
started by an operator walking alongside, the cars mov- 
ing at a speed of 2.2 miles per hour. -They will proceed 
over a series of switches and crossovers, controlled from 
a central tower, by which they will be diverted to the 
proper iracks at the transfer station. 

The cars will be stopped at the outbound ends of the 
transfer platforms. The loaded trailers will be removed 
and transferred to standard freight cars, other trailers 
previously emptied will be hauled by tractors along the 
platform to the inbound end of the platforms, the empty 
automatic-electric cars will be advanced to the inbound 
section of the transfer station to receive new loads, and 
the cycle will have been completed. 


Electrical Features 


The system can be operated by either direct or alter- 
nating current, but the latter seems better adapted and 
has been assumed in the estimates. If alternating cur- 
rent is used it will probably be generated and transmitted 
at 13,200 volts and stepped down at frequent substations 
to the voltages ranging from 550 down to 135 required 
in operation. The cars will receive their power through 
pantagraphs from two overhead trolley wires. Each car 
will be equipped either to run singly or to haul some- 
thing more than its own weight in a train, so that one 
or two standard railroad cars can be made part of an 
eight-car train. 

In order that the uniform speed necessary for the cor- 
rect spacing of the various kinds of trains can be main- 
tained, it is proposed to use squirrel cage induction mo- 
tors of moderately high torque, two to each automatic 
car. These motors will be designed as to give good 
operating characteristics over a range of frequency of 
60 cycles down to 10 cycles, the voltages being reduced 
in the correct proportions. On the main tracks, where 
a speed of 1,200 ft. per minute is to be maintained, the 
power will be supplied at 3-phase 60 cycles, 550 volts, 
while on sections where the desired speed is 200 or 600 
{t. per minute, the power will be supplied at correspond- 
ingly lower voltages and frequencies. 

It will be necessary to distribute the power at high 
voltage and step it down to track voltage at short in- 
tervals in order to prevent excessive voltage drop in the 
trolley wires and tracks. Each car will have a simple 
reversing switch for its two motors, so that when on the 
low-speed sections of track an operator will be able to 
start, stop or reverse the car at any time. Each of the 
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two motors will be provided with a delayed-action solenoid 
brake, so that when the power is shut off the car will 
coast a short distance before the brake takes hold and 
brings it to rest. This delayed action is necessary to allow 
the car to coast over dead sections of track which will be 
necessary at various points. 

Movements of the cars singly at the 200-ft. speed will 
be accomplished by the simple process of having a man 
standing or walking alongside throw a switch on the car. 
The car will be under manual control at all times, but 
will not require a rider, and can be sent considerable 
distances from one operator to another. 


Acceleration and Deceleration 


Acceleration and deceleration of the mainline eight-car 
train to and from the speed of 1,200 ft. per minute will 
be effected by means of a special section of track ener- 
gized by a motor-generator set whose motor is of the 
variable-speed, direct current type—the motor generator 
being set under the complete control of the chief train 
despatcher, but operating automatically as the switches 
are turned. 

When the cars on the forwarding tracks are made up 
into eight-car trains, the current will be cut off from the 
track on which the train is standing and the switches 
of all eight cars will be closed in the forward direction. 
The chief despatcher, by means of the motor generator 
set, will energize the track at 10 cycles, 135 volts, which 
will begin accelerating the train. The speed of the motor 
generator set will automatically gradually raise the power 


supply to 60 cycles, 550 volts, which will bring the train 


to its full speed of 1,200 ft. per minute. All of this will 
be accomplished at a rate of acceleration of 1 ft. per 
second or in a distance of 200 ft. 

When the train has obtained its full speed, it will run 
off the make-up track and enter the main track, when it 
will continue at this speed without further attention until 
it is switched into a decelerating section, while the motor 
generator set will be released for use in accelerating the 
next train. 

In the decelerating sections the process will be reversed, 
a variable speed motor generator set reducing the fre- 
quency from 60 cycles to 10 cycles and bringing the train 
to rest in 200 ft. after the deceleration is applied. 

Where individual cars must be accelerated from a 
speed of 200 ft. per minute to one of 600 feet per minute 
in the New Jersey yard, the headway is too short for a 
variable speed motor generator set; hence it is proposed 
to use sectionalized tracks with different frequencies on 
each section. For example, a yard man will despatch a 
car on a 10-cycle section by closing the car switch and 
the car will automatically accelerate to 200 ft. per minute. 
At the desired point it will enter a section of track ener- 
gized at 30 cycles, and with the correct operating voltage 
for this frequency. This will accelerate it to approxi- 
mately 600 ft. per minute. Again, the car will enter an- 
other section energized to 10 cycles and 135 volts, and 

its speed will be automatically reduced to 200 it. per 
minute. All of this will be accomplished with no man 
control other than the original starting of the car. 


Trailing Dead Sections 


Ordinarily the eight-car trains, moving at a uniform 
speed varied only slightly by different conditions of load 
and grade, will maintain their proper spacing and be safe 
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from collision. Provisions must be made, however, for 
the protection of trains brought to a stop through de- 
railment, burned-out motors or other causes. This pro- 
vision is made by the ingenious use of trailing dead 
sections. 

Throughout their length the main tracks will be divided 
into insulated sections of a train length plus the distance 
required to bring the train to a standstill from full speed. 
The electrical circuits will be so arranged that the cur- 
rent will be completely cut off from the second section 
behind each train, this dead section advancing as the 
train advances. If through any accident or error in 
despatching, a train should come within the established 
distance of train ahead, it will run upon this dead section 
and be stopped by the application of brakes. When the 
train ahead gets far enough in advance, the dead section 
of track will automatically become energized and the train 
which has been stopped will be started and brought to 
speed again. 

These dead sections, besides protecting trains stopped 
on the mainline by accident, will prevent the despatching 
of a train from a terminal too close to the train ahead of 
it or behind it, the system in effect interlocking the for- 
warding tracks with the main tracks. If for any reason 
all trains are stopped, all will automatically start in the 
correct sequence, and with safe spaces between them 
when the power is turned on again. 


Trailing Light System 

Supplementing the trailing dead sections will be a trail. 
ing light system. In front of the chief despatcher’s desk 
will be a large sectional map showing the entire main 
trackage of the system. As each train is despatched from 
any point on the system, a light will appear at that point 
on the map, and will follow the track in such a way as 
to show at all times the location of that train. If for 
any reason the train comes to a stop, the light will stop 
and will indicate to the chief despatcher that there is 
trouble at that particular point, since no trains are sup- 
posed tc stop on the main track. 

Thus the trailing dead sections will prevent collisions, 
and the trailing light system will enable the despatcher 
to send repair men immediately to the point of trouble. 
In this way detention will be minimized. 


Power Stations 


As the commission’s investigation of existing electric 
power plants in the port district showed that there is no 
surplus power available for such a large plant, it is as- 
sumed that a power plant will have to be provided. A 
break-down connection should be obtained with existing 
power companies as a reserve source of power. 

The main power station of the system will be located 
at the New Jersey yard. It will contain standard turbine- 
driven alternators generating power at 60 cycles and 
probably at 13,200 volts. Motor generator sets will then 
be used for obtaining the necessary direct current and 
the various frequencies as required. 

The power supply for the Manhattan side will be trans- 
mitted through lead-covered cables running in the tun- 
nels at 13,200 volts, 60 cycles. The Manhattan sub- 
stations will contain the necessary transformers and mo; 
tor generator sets for accelerating and decelerating the 
trains and for obtaining the permanent 10-cycle terminals, 
The elevators in the terminals will presumably also ob- 
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tain their power from the transformer stations. For the 
12 terminals there will be 12 substations. 

Special Equipment 
~ Under the head of special equipment for moving the 
freight by the automatic-electric system, there will be 
required 1,030 special cars, 380 platform tractors, 30,000 
trailers and 48 car elevators. This does not take into 
account ordinary truck elevators in the terminals for 
serving upper floors. 

It is estimated that 900 special cars, 305 platform 
tractors and 25,000 trailers will handle peak load, and 
consequently there is a liberal allowance for spare equip- 
ment. 


Automatic-Electric Cars 


It is proposed to make the automatic-electric cars 58 ft. 
long between centers of couplers and 8 ft. wide, which 
will make it possible to run upon them two trains of 
six 3 ft. by 6 ft. trailers. No working space need be pro- 
vided for car riders. 

As all kinds of general merchandise freight will be 
carried on the trailers, and as the tracks are on the surface 
in New Jersey, on fenced-in right-of-way, the cars will 
have to be roofed. It is proposed to make them of all- 
steel construction, with rolling sides for the entire length. 
It is important that there be no obstacles in the way of 
rapid moving of the trailers on and off the cars, inasmuch 
as the cars cannot ordinarily stand more than a few min- 
utes in one position. 

Presumably there will be more than one type of car. 
Certain bulky packages—anything that can be handled in 
an ordinary box car—and also motor truck bodies to be 
delivered -at the Manhattan terminals to motor truck 
chassis for delivery at store door will be loaded upon the 
cars direct, without the use of the trailers, and for such 
commodities it will be desirable to have a minimum num- 
ber of side posts or eliminate the side posts and roof 
entirely. Other cars will require refrigerator bodies for 
perishable freight. For estimating purposes the cars are 
assumed to be all of one type. 


Trailers and Tractors 


For the trailers simple 4-wheel low platform trucks 
with end frames to hold the loads are recommended. 
Platforms 3 ft. by 6 ft. or slightly smaller will be a 
convenient size for use on the automatic-electric cars and 
for running into and out of standard freight cars. The 
distances these trucks must travel, especially on the 2,000- 
ft. platforms of the New Jersey transfer station, make 
it desirable that manual operation of them be minimized. 
It is proposed, therefore, that they be hauled by storage 
battery electric tractors in trains of from four to six 
trailers. 

In loading an automatic electric car, the tractor will 
probably be able to haul two 4-trailer trains on the middle 
of the car, while the remaining two trailers at each end 
will have to be put on by hand. 


Elevators 


The elevators will be electrically operated platforms 
12 ft. by 60 ft. with micro-leveling devices so that they 
can be brought quickly to a standstill at the exact level 
required to move the cars on and off, and with inter- 
locking devices to prevent movement of the elevators 
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when the cars are not in proper position. They are de- 
signed for an operating speed of 100 ft. per min. 

In each terminal there will be two elevators running 
down to the tracks and two shuttle elevators. In the 
entire system there will thus be 48 elevators. Elevators 
of this capacity are in service at various points, and they 
present no serious obstacles. Momentary delays in their 
operation can be absorbed by subsequent speeding up and 
the use of the extra receiving and forwarding tracks at 
the terminals. More extended repairs can be made at 
night. A breakdown of 3 or 4 elevators at one time, which 
would be unlikely, would reduce the total output of the 
terminal plant, but in no such degree as it is reduced fre- 
quently under present methods by fog, ice or other ad- 
verse conditions. 


Replacing Defective Insulators 


BY means of the improved appliances insulators on live 

high-tension lines can be tested while in position and 
the defective insulators weeded out and replaced with 
good ones. 

Several different methods are used to test and change 
the insulators, the fundamental principle of them being 
that there is always a long insulating rod or other ap- 
pliance between the man and the live part upon which 
he is to work. Various patented devices in the shape 
of tools are used on the ends of insulating rods for re- 
moving and replacing tie wires on pin type insulators and 
for removing and replacing cotter pins on suspension 
type insulators. Special long-handled testing poles for 
picking out defective insulators are also on the market. 
In testing insulators on live lines advantage is taken of the 
fact that a difference of potential exists between the cap 
and pin of a disc insulator. A wire fork on the end of 
an insulating pole is used in some cases for making the 
test, placing the wire across the insulator between the 
cap and pin. If the insulator is good a static spark is — 
obtained, and the absence of spark or a weak spark shows 
that the insulator is defective. 

The following is a brief description of one of the 
methods used to change defective insulators on high-ten- 
sion lines. The insulators are first tested and the de- 
fective ones noted, a record being kept of the pole, or 
tower, and the position of the insulators. A crew, gen- 
erally consisting of six men and the foreman, do the 
work of changing the insulators. First, long insulating 
rods are attached to the wire and the line secured in 
position and held so that it cannot swing into the poles 
or towers. By means of rope blocks the rods are made 
to force the wire upward and away from its regular posi- 
tion. The insulator is then disconnected from the wire, 
after which the insulator can be removed and replaced 
or any necessary changes made. With proper tools it 1s 
not necessary for any of the workers to approach or 
place their hands or any part of their body within danger- 
ous proximity of any live conductor. 

Noise and static on or around lines and insulators indi- 
cate trouble, and it may be due to defective insulators oT 
to an “arcing” ground on the high-tension lines. Fore 
men should instruct their men to work with extreme cat- 
tion at such times. It is generally advisable to stop the 
regular work of changing insulators until the cause of 
the trouble has been located, a precaution heeded on sys- 
tems with a grounded neutral—Electric Traction. 


Electric Rivet Heaters for Car Construction 


Feeders Carried in Concrete Trench. Rigid Conduit Used for 
Temporary and Permanent Branch Runs 


By J. R. Bower 


Assistant Master Mechanic, American Car and Foundry Company 


LECTRIC rivet heaters were in use in the Berwick 
shops of the American Car and Foundry Company 
as early as 1911, but were not used to equip an entire 

department until 1914. At this time the passenger car 
erection department was equipped complete and all the 
rivets required for passenger cars from 1914 to the 
present have been heated by electric rivet heaters. 

During the past year the entire freight car construction 
and erection departments have been equipped with electric 
rivet heaters, so that all the rivets used on the freight cars 
going through this shop are now heated by electricity. 

At the present time the Berwick shops have the largest 
installation of electric rivet heaters in the world. This, 
however, is not caused by a demand for a larger number 
of heated rivets than some of the other large companies, 
but simply due to the fact that rivets were heated electri- 
cally by point of high resistance for commercial use in 
Berwick before they were ever heated by this method in 
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rivet to be held firmly in this electrode. These heaters 
have at the present time from one to five of the secondary 
coils, according to the design or size required for the par- 
ticular work that is to be accomplished. 

These heaters have gone through a series of alterations 
and developments since the first ones were built in 1911, 
but this has all been details which I do not think it nec- 
essary to bring out in this paper, the object of which is to 
try to bring out the particular advantages of the electric 
rivet heaters over other methods of heating rivets, es- 
pecially oil; this from a viewpoint of the installation in 
our freight car department which consists of approxi- 
mately fifty-five heaters at the present time. 


A Practical Installation 


The freight car department will be considered, instead 
of the passenger car department, because the passenger 
car department is not working at this time. However, 
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Fig. 1—Shop Wiring Diagram Showing Circuits and Location of Transformers and Rivet Heaters 


any other place in the world, this being accomplished by 
machines designed and built in our own shops. Due 
to this fact we should be the largest user until the great 
advantages of electric rivet heaters are thoroughly 
grasped by the various users of heated rivets. 


General Principles of Construction 


The general principles of construction of the heaters 
consist of a transformer wound with a number of turns 
on the primary coil which is excited by 220 volts, the 
secondary coil consisting of one turn. The placing of a 
rivet in the circuit on this one turn of secondary com- 
pletes the circuit and due to the high resistance of the 
rivet causes same to heat. The placing of this rivet in 
the secondary circuit is accomplished by the use of a short 
pair of tongs and by pressing a pedal with the foot which 
opens the electrode on the secondary circuit allowing the 
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*Abstract of a paper presented before the Philadelphia Section, Assoc. of 


Iron and Steel Electrical Engineers, at the Engineers’ Club of Philadelphia. 


if the passenger car department were used, the argument 
would be much greater in favor of electric heaters, as the 
aumber of pounds of rivets per oil furnace on passenger 
cars is much smaller than in the freight department, due 
to the rivets being of much smaller size. A complete 
lay-out of the wiring, both 2,200 and 220 volt circuits, 
as well as an indication of the location of the heaters, 
transformers, etc., with relation to one another is shown 
in Fig. 1. The 2,200 volt line extends along the outside 
of shop on poles and drops in at different points to the 
three transformer banks. This line is 60 cycle, 3 phase 
alternating current. The transformers are all connected 
closed delta primary and secondary, making a three phase, 
220 volt secondary line to which the individual heaters 
are tapped on the various phases, so that each phase is 
balanced in relation to the other two phases. There are 
two buildings connected to this line besides the rivet 
heaters which have a total of 95 kw. connected load. 

The group of heaters on the bank of transformers at 
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the extreme left have the secondary line secured to the 
steel truss work of the building overhead. This is due to 
this section of the shop being much lower in height than 
in the other part of the shop, and there being no overhead 
cranes in this section it is very easy to run risers from 
the heaters to the main feed wires overhead. The groups 
of heaters connected to the middle bank of transformers, 
as well as the bank to the right of illustration, have all the 
three phase lines in a concrete trench, a cross section of 
which is shown in Fig. 2. 

This trench has a cover of wood which has a quarter 
inch armor plate exposed to the surface and the trench is 
so located in the floor that the top is just flush with the 
surrounding floor space. At intervals of approximately 
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Section of Concrete Trench in Which Feeders 
Are Laid 


Fig. 2—Cross 


ten feet distance on each side of the trench, there are 
holes in the side wall about two and one-half inches in 
diameter. These are all plugged with wood plugs except 
the places where the heaters are to be installed. At this 
point the plug is removed and conduit is laid in the ground 
to the point where the heater is located, the conduit com- 
ing up at a right angle bend and extending about four 
feet above the surface of the floor so that it will terminate 
just at the end of the heater, near the top. At this point 
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Fig. 3—Chart Showing Power Consumption at the Bank of Three 
100 k.v.a. Transformers Shown in Fig. 1 


on the end of the heater a double pole knife switch is 
placed so that the current can be cut off the heater at any 
time. If a heater is to be moved to another location all 
that will be necessary is to disconnect the wires in the 
trench feeding this particular heater, take out the conduit, 
plug up the hole and locate at another position and con- 
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nect up with longer or shorter conduit as the condition 
may require. 


Work Accomplished Compared to Kw. Hrs. Consumed 


The lay-out of heaters as shown in Fig. 1 are at the 
present time heating rivets for 59 freight cars per day, 
22 N.Y.C. hoppers on one track, 27 tank underframes on 


Fig. 4—There Are Three Men Instead of Four in a Riveting Gang 


another track, and 10 cane cars on a third track. The 
22 N.Y.C. hoppers have a total of 2,540 rivets per car, 
ranging in size from 5%” x 134" to Fe" eae represent- 
ing 25,146 pounds of metal. The 27 tank underframes 
have a total of 816 rivets per car, ranging in size from 4” 
x2" to 94" x 334” and- 74" x 3", representing 11,236 
pounds of metal, also 4 special rivets per car 154” x 130s 
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Fig. 5—Load Curve Taken from the Middle Bank of Transformers 
Shown in Fig. 1 


a total of 108 rivets, representing 540 pounds of metal. 
The 10 cane cars have a total of 2,405 rivets per Car 
ranging in size from 3<” x 114". to He" “x 2am 
representing 8816 pounds of metal, making a 
grand total of 102,070 rivets, representing 45,739 
pounds of metal requiring 6,370 kw. hr. to heat these 
rivets. This gives us an average of approximately 14 kw. 
hr. per hundred pounds, There is a small percentage of 
rivets heated in addition to the amount mentioned above 
that should be counted in against the number of pounds 
for the given kilowatt hours, as there are always a few 
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rivets heated the second time, due to the rivet gang not 
being ready when the rivets are ready for them. 


Power Characteristics 


Some of the power characteristics as found at different 
points in this installation are particularly interesting. Fig. 
3 shows a graphic chart of five minutes to the hour taken 
at the bank of three 100 k.v.a. transformers as shown in 
Fig. 1. You will note that the power curve covers quite a 
wide range on the chart. This is due to the method used 
in this particular department where bolsters are being 
built to be used farther down the shop in the erection of 
ears. Fig. 4 will give you an idea of how this riveting is 
done. Instead of having a heater boy, sticker, bucker and 
hammerman, as generally comprises a riveting gang, in 
this case there are three men instead of four. They 


start heating rivets at a very high speed, placing them in 
the holes and then place the bolster under the air or 
hydraulic bull riveter, as the case may be, and drive them 
in this manner. 

The graphic chart, Fig. 5, shows five minutes to the 


Fig. 6—Where Allen Riveters Are Used the Heaters Are Located on 
a Platform and the Rivets Are Passed Down a Chute 


hour taken from the middle banks of transformers shown 
on Fig. 1. The fluctuation is also quite prominent in this 
case as the riveting is partly done in the same manner as 
in the bolster department, as shown in Fig. 6, where Allen 
riveters are being used with rivet heaters located on over- 
head platforms and the rivets being passed down a chute 
into a small pan where the sticker receives them and 
places them in the holes in rapid succession. There are 
also numerous hand air riveters used at this point of the 
work, as shown on Fig. 7. Taking the three banks of 
transformers as a whole and reading from the 2,200-volt 
line we get a chart similar to that shown on Fig. 8. We 
feel that as the installation becomes larger the fluctuation 
of the power curve becomes less. 

The total load of alternating current 2,200-volt, 3 phase 
as used from our power house is shown in Fig. 9. The 
chart shows a full day’s operation from 5 A. M. to 6 P. M. 
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The chart, Fig. 10, was taken from the same meter, but 
on this day it was necessary through a bad primary fuse 
connection to open the rivet heater line switch. You will 
note shortly after 11 a. m., when this first happened, just 
what the drop-off in load amounted to for the fifty-five 
heaters that are on this line and also that the fluctuation in 
kilowatts has not ceased entirely, so that the fluctuation on 
this chart cannot all be attributed to rivet heater load. 


Fig. 7__A Part of the Work Is Done With Hand Air Riveters 


The second time during this day that this line switch was 
opened was between 2 and 3 P. M. 


Comparative Costs of Electric and Oil Heating 


Going back to the power required to heat rivets by 
this method, we have proved beyond a doubt that it re- 
quires between 10 and 20 kw. h. to heat one hundred 
pounds of rivets, regardless of their size. Therefore, 
with current from one to two cents per kw. h. the maxi- 
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Fig. 8—Load Curve Showing the Combined Load on the Three 
Transformer Banks; 2200-Volt Side 


mum cost per hundred pounds of rivets would be less than 
forty cents, and up to this time with the late type heaters, 
which have been in service for approximately one and 
one-half years, the maintenance cost has been so small 
that it would be hard to figure per hundred pounds of 
rivets. 

Shortly before the electric heaters were installed in our 
freight department, we made some tests on oil furnaces in 
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the same location as the electric heaters are now placed. 
A very close record was kept of the oil consumed and 
on the best conditions that we could get with our system. 
We consumed fourteen gallons of oil per hundred pounds 
of rivets heated, which at the present market price of oil 
would range around $2 per hundred pounds of rivets, 
and this does not include the air blast necessary to make 
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of oil, price of electric current and the efficiency of the 
oil system used when these figures are to be applied to. 
another works. 


Desirability of Electric Heating 


In regard to the desirability of electric rivet heaters 
over oil furnaces: the smoke and gas given off by the 
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Fig. 9—Total Load of Alternating Current As Used from. the Power House 


this oil combustible, which would probably add from five 
to ten per cent. to the cost of this method of heating. We 
have tried coke as a substitute for the oil, but have found 
this just as expensive. From a maintenance stand- 


oil furnaces is very objectionable. Especially is this true 
during the winter months, when it is necessary to keep 
the shop closed to prevent heavy drafts of cold air passing 
through the shop, which would freeze hydraulic and air; 
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Fig. 10—Total Load on Power House on a 


test is run over a long period of time,) which con- 
sists of rebricking the furnace quite frequently, repair to 
air line, oil nozzles, etc., and I believe we are safe in 
estimating from five to ten per cent addition, which 


Fig. 11—Rivets Coming from Oil and Coke Furnaces Often Look 
Like Those at the Left 


would run our cost of oil furnace heated rivets between 
$2 and $2.50 per hundred tons. This makes a saving in 
the cost of fuel between oil and electric heated rivets of 
from $1 to $2 per hundred pounds in favor of the electric. 
Of course, these figures will vary according to the price 


Day When Rivet Heater Circuit Was Open Because of Bad Primary Fuse Connections 


gas is entrapped and becomes so thick on winter morn- 
ings when the air is cold and oil combustion poor, that it 
has been necessary to discontinue operations, as it was 
impossible for the crane operators who work overhead 
to see the crane director’s signals from the ground, to 
say nothing of the unhealthful condition for the operator. 
There is also an objection to the oil furnaces in the 
summer time, due to the extreme heat that is given off, 
making it almost impossible for the heater boy to stand 
up to the hot furnace and deliver his rivets as he should. 
Also very often the oil line becomes leaky around the 
furnace, allowing oil to drip on the floor, which saturates 
everything around the furnace. Quite frequently this oil 
is ignited by hot rivets dropping in these pools of oil, re- 
sulting in very annoying fires. Another point is that 
these oil furnaces must be located at some particular point 
and piped up for both oil and blast. This does not make 
them very easy to handle when it comes to changing — 
orders of cars which necessitates rearranging the fur-— 
naces. We also very often find rivets coming from oil 
and coke furnaces which look like the rivets shown on 
the left hand side of Fig. 11, which have been left in the 
furnace too long. This very frequently occurs with oil 
heated rivets. The rivets on the right were heated in an 
electric rivet heater and are always under the observation 
of the rivet boy, therefore, there is no excuse for this 
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to happen where the rivets are heated with an electric 
rivet heater. 

The electric rivet heater is very adaptable for moving 
from place to place, as there are no oil lines or blast lines 
to be connected, but simply an electrical connection 
which can be made permanent by the use of conduit, but 
for a quick change could be connected to a pair of electric 
wires on short notice. 
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In regard to the gas and smoke, this is entirely elimi- 
nated by the electric furnace which also makes it unneces- 
sary to have furnaces heated up from a half hour to an 
hour before rivets are actually required, as all that is 
necessary is to place the rivet in the jaws of the heater 
and hot rivets are available in from fifteen to forty-five 
seconds. These various advantages make the once dirty, 
grimy shop a clean and sanitary place to work. 


Report of Progress Made on the Superpower Survey 


One-Third of Class 1 Railroads in Boston- Washington 
Region Can Be Economically Electrified 


CCORDING to a progress report on the work of 
the Superpower Survey, just submitted to the 
President by John Barton Payne, ex-Secretary of 

the Interior, one-third of the mileage of Class 1 railroads 
in the Boston-Washington industrial region apparently 
can be economically electrified at a cost of approximately 
$800,000,000, which, with salvage, would be reduced to 
$650,000,000, effecting a saving equal to approximately 
14 per cent on the investment. The cost of electrifying 
the railroads within the region is estimated at $40,000 
per mile. 

The Congress, in appropriating for the Geological 
Survey, June 5, 1920, provided for the survey of power 
production and distribution in the United States, includ- 
ing the study of methods for the further utilization of 
water power and the special investigation of the possible 
economy of fuel, labor and materials resulting trom the 
use in the Boston-Washington industrial region of a com- 
prehensive system for the generation and distribution of 
electricity to transportation lines and industries. 

An organization was effected under the Geological 
Survey with offices for the engineering staff in New 
York City. The engineering staff includes: William 5S. 
Murray as chairman; Nathan C. Grover, the chief 
hydraulic engineer of the United States Geological Sur- 
vey; Ozni P. Hood, chief mechanical engineer of the 
Bureau of Mines; Lorin E. Imlay, division engineer for 
the subjects of power and transmission; Henry W. But- 
ler, division engineer for industries, and CarVine sls 
Hutchinson, division engineer for railroads, with Henry 
Flood, Jr., engineer-secretary. The engineering staff has 
been aided by the hearty co-operation of an advisory 
board of business and professional men, who accepted ap- 
pointments for this special service. Of this board Prof. 
Lester P. Breckenridge, of Yale, is chairman, and the 
various interests connected with this investigation are 
‘represented as follows: Magnus W. Alexander, of Bos- 
ton, representing the National Industrial Conference 
Board: Edward G. Buckland, vice-president, New York, 
New Haven & Hartford Railroad; Charles L. Edgar, of 
the Boston Edison Company, representing the National 
Electric Light Association; Abraham Taaktaroin, evice- 
president, New York Central Railroad; Herbert Hoover, 
representing the mining industry; William Kelley, lieu- 
-tenant colonel, U. S. A.; Elisha Lee, vice-president, Penn- 
sylvania Railroad; Dr. Arthur D. Little, of Boston, rep- 
resenting the electro-chemical and by-products indus- 


tries; James H. McGraw, president, McGraw-Hill Com- 
pany, Incorporated, representing the technical press; 
John H. Pardee, of New York, representing the Ameri- 
can Electric Railway Association; Henry Cleveland Per- 
kins, of Washington, representing the mining industry, 
and Matthew S. Sloan, of the Brooklyn Edison Company, 
representing the National Electric Light Association. 

The progress thus far made, Secretary Payne says, 
warrants the belief that the report will be completed by 
June; 30,1921. 

Having in mind the object of the Superpower Survey, 
viz.: (1) allocation and amount of waste in labor, coal 
and other materials, due to the improper form of power 
generation and distribution within the Boston-Washing- 
ton zone, and (2) recommendations regarding a re- 
gional power system by means of which these wastes may 
be eliminated, the report naturally divides itself into three 
divisions: (1) Physical, (2) Legal, and (3) Financial. 

With regard to the physical aspect, the investigation 
has been concerned with the power necessary to (a) rail- 
roads, (b) industries, (c) utilities, and (d) a system of 
centralized electric generation and transmission to supply 
their power requirements up to and including 1930. 


Railroad Electrification 
Regarding railroad electrification, the report says: 


We find that there are 20 Class 1 railways included in the Super- 
power zone. These are divided as follows: 

First track 14,500 miles. 

Second track 6,500 miles. 

Total trackage (including yards and sidings) 36,000 miles. 

There are a total of 10,000 steam locomotives, of which 44 per 
cent are freight, 29 per cent passenger, and 27 per cent switching. 

The total annual railroad coal consumption for 1919 was 19 
million tons. 

Apparently one-third of this mileage can be economically electri- 
fied, including the greater part of double track mileage. Due 
to lack of traffic density upon the branch lines these can not be 
profitably electrified. 

The above 33 per cent of mileage will carry more than 50 
per cent of the traffic and by preferential arrangement of routes 
probably 60 per cent of the total traffic could be put over this 
mileage. 

Through the electrification of the above mileage a fuel saving 
of 6,000,000 tons, or $40,000,000 per annum would be effected. 
Added to this saving will be $50,000,000 annually as a difference 
in favor of electric versus steam engine repairs and maintenance. 

The total unit cost of electrification will be approximately 
$40,000 per mile of main line track, which with 12,600 miles to be 
electrified would cost $500,000,000.. In addition, yard and siding 
trackage would call for $300,000,000 or a total of $800,000,000 


This sum will cover the necessary construction and equipment for 
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the railways beginning with the electric substations and with the 
driving wheel of their electric motive power. 

The electrification above outlined will displace approximately 
7,000 steam locomotives, which at salvage value of $22,500 each 
will credit the electrification estimate with approximately $150,- 
000,000, leaving a net investment of $650,000,000, which taken in 
connection with the afore-mentioned savings of $90,000,000 per 
anium would return approximately 14 per cent on the investment. 


Regarding other phases of the subject, the report says, 
in part: 

There are approximately 50,000 industrial plants in the zone 
which either purchase or generate power. The Bureau of the 
Census is at present compiling the statistics of the 1919 Census 
of Manufacturers. As soon as the tabulations are completed by 
the Bureau of the Census, we, in conjunction with experts in the 
various industries, will analyze and ascertain what possible fuel 
savings could have been made by the Superpower System in 1919, 
From the data at hand, a saving of between six and eight millions 
of tons of coal is indicated. In the anthracite coal mines of 
Pennsylvania, by means of electrification and the supply of super- 
power, a conservative estimate based on actual tests shows a 
saving of 6,500,000 gross tons of anthracite. We are at present 
preparing estimates on the cost of completely electrifying the 
anthracite mines. 

The data required of the Industrial Division will be ready by 
May 1, for assembly in its final form. 

A large saving of coal can be effected through the more efficient 
generation of power by the new superpower stations. We find 
that the average rate of coal consumption for present central 
station output is 234 pounds per kilowatt-hour. Power can 
be produced in the superpower system at an average rate of 


134 pounds per kilowatt-hour. The present central station output” 


of coal-generated power within the zone is 8,000,000,000 kilowatt- 
hours. Therefore, 1 pound saved per kilowatt-hour will conserve 
4,000,000 tons of coal annually. 

The location of the large superpower stations and their at- 
tendant transmission lines is related to the establishment of load 
centers throughout the superpower zone to which power will be 
transmitted from them at minimum distance. To date it is 
indicated that some 20 load centers will be established. By March 
1, sufficient data will be at hand to establish these load centers, 
after which the location of new superpower stations and their 
interlinking transmission systems can be promptly determined 
within the zone. 

The development of power outside of but for transmission 
to the zone is being most carefully considered having relation 
to the St. Lawrence River, other hydroelectric powers and the 
bituminous coal mines. 

A conference with the coal authorities indicates that a fair 
figure to take for the average price of coal during the period 1919, 
was $2.90 per ton at the mine, and that during the period from that 
date to 1930, $3.50 per ton. 

With regard to water power for the zone, a summation of the 
possible outputs from the Potomac, Susqtehanna, Delaware, St. 
Lawrence (American rights), Raquette and the Adirondack 
powers indicate that for an average year there will be available 
12,000,000,000 kilowatt-hours, and for a minimum year 8,360,- 
000,000 kilowatt-hours ; the plant capacity being 2,300,000 kilowatts 
to furnish this amount of energy. It is of interest at this point to 
state that in 1930 the total power requirement in the superpower 
zone indicated by projected growth curves will be 48,000,000,000 
kilowatt-hours, of which amount the superpower system could 
supply 36,000,000,000 kilowatt-hours. This, therefore, indicates 
that the water power supply can be but from 20 to 25 per cent of 
the total. 

I am pleased to be able to say that through the unusual co- 
operation of the public utilities, the railways, and the industries, 
the completion of the work will be, after May 1, substantially 
a matter of computation and tabulation. 

Concerning legislative and financial status, the following para- 
graphs represent the general expression of opinion at the Wash- 
ington meeting of the advisory board February 18. 


Needed Legislation 


Legislation should take the form of an act permitting the 
formation of a corporation authorized to take by eminent domain 
lands or interests therein necessary or appropriate to the con- 
struction, maintenance and operation of lines for the transmission 
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of electric energy. Such legislation may be by a separate act or 
by an amendment to the Federal Power Commission Law. 

As a condition precedent to the formation of such a corpora- 
tion the proposed incorporators should be required to apply to 
the Federal Power Commission for a certificate that the project 
is desirable and is justified in the public interest. This application 
should be followed by a hearing after due notice to the governors 
of the states through which condemnation rights are asked. If 
the certificate is granted the incorporators should be permitted to 
form a corporation with the usual! powers and in addition thereto 
(subject to the approval of the utility commission of the state 
where the power is to be exercised), the right to construct, main- 
tain and operate power plants and transmission lines, the right 
to purchase electrical energy from and sell it to electrical power 
producing and distributing companies. All of these rights should 
be subject to the exercise by each state of its full police and taxing 
power. 

Financing 


The plan of financing which has been suggested is based on 
the supposition that the superpower system is in its very nature 
an extension of present power supply systems, whereby, combin- 
ing several large plants with present relatively small plants, 
economy in generation and conservation of natural resources 
can be secured over that at present attained. Therefore, the vested 
rights of existing public utility power generating and distributing 
companies should be protected, 

Dependence must be placed on the incentive of private initiative 
to lower costs and on some form of public regulation of prices to 
the consumer. The power generated and distributed by the super- 
Power system will finally be distributed to the public by means 
of existing companies and the economies to the public utility com- 
panies which will result must ultimately be reflected in prices 
to the consumer through the action of present state regulating 
bodies. 

The financial plan in bare outline provides for a superpower 
company with non-par stock as its only class of security. The 
public utilities within the Boston-Washington zone to be entitled 
to subscribe for this stock pro rata, based upon capacity demand 
and load factor. Stock not taken by these customers of the 
Superpower system to be offered to public subscription. 

A contract between the Superpower company and a local public 
service company would be a selling contract or a buying contract, 
while in many cases both buying and selling of current would be 
involved. These contracts on which the state regulatory bodies 
would pass to be adjusted from time to time to meet the progress 
of the art and changing conditions, whether favorable or un- 
favorable to costs of operation. 

Returns upon the stock of the superpower company should be 
limited by specific provision to a fair division of the benefits 
derived from its operation between the investing public and the 
consumers that will make it possible for the superpower company 
to come into existence, and at the same time be able to serve 
the public adequately. New capital is the keystone of the project 
but the public demand is its foundation. This division of benefits 
would be attained by a rule under which the customer companies 
shall participate equally with the stockholders in any distribution 
at stated intervals, of net earnings in excess of a specified rate of 
return, which itself should be more liberal than is commonly 
contained in the idea of public regulation. Thus efficiency in 
management would be rewarded and the public interest directly 
served. To secure the participation of the ultimate consumer in 
this division of benefits, provision should be made that the super- 
power stock held by any public service company be regarded as 
representing an extension to its existing station capacity rather 
than an outside investment security. 

Absolute publicity of the Superpower company’s operations will 
be an essential condition, Freedom of action should, however, be 
also sought for this company in order to promote the free flow 
of capital to this enterprise whose requirements will be large 
and continually increasing, 

The prime object of the superpower plan is a larger supply of 
cheaper power. The superpower survey looks to the full utiliza- 
tion of all resources and conservation of the country’s fuel can not 
be attained except with the aid of large capital investment. 
Neither the nation, by coal conservation, nor the individual con- 
sumer, by lower rates, can profit by the project, however sound 
in its engineering and economic phases, unless the conditions of 
financing are sufficiently attractive to warrant the use of the 
country’s financial resources. 
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Principles of Car Lighting by Electricity 


A Course of Practical Lessons Explaining the Main 
Details of this Important Application 


By Charles W. T. Stuart 


VIII. — Sangamo Ampere-Hour Meters 


SANGAMO ampere-hour meter, Fig. 1, is an in- 
A strument for measuring ampere-hours. (Current 
in amperes multiplied by time in hours eqnals 
ampere-hours.) The ampere-hour is the unit in which we 
measure the capacity of a storage battery and therefore the 
ampere-hour meter is a very useful instrument in car 
lighting service. It indicates the condition of a battery 
with respect to state of charge; that is to say, it will indi- 
cate that a battery is 20, 30 or 40 per cent charged, and 
therefore will give a certain percentage of a full dis- 
charge. This, however, is indicated in ampere-hours in- 
stead of percentage, although the percentage basis is a 
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Fig. 1—The Sangamo Ampere-Hour Meter 


big help in figuring battery efficiency. It is a well known 
fact that storage batteries are not one hundred per cent 
efficient. They will not deliver an amount of current 
equal to the amount used in the previous charge. For 
example, the normal discharge rate of a certain lead cell 
is eight hours at 37.5 amperes, or a total of 8 x 37.5 or 
300 ampere-hours. The normal charging rate of this 
same cell will be 8 hours at 45 amperes or a total of 8 
x 45 or 360 ampere-hours. Note that it required 360 
ampere-hours to charge the battery, which, in turn, is 
capable of delivering only 300 ampere-hours. The effi- 
ciency in this case will be 


300 of 100% or 83.3% 


360 
Another example is a type A-8-H Edison cell having 


a normal capacity of 300 ampere-hours. The normal 
discharge rate for this cell is 5 hours at 60 amperes or 
300 ampere-hours, and the normal charging rate is 7 
hours at sixty amperes or 420 ampere-hours. Note in 
this case the battery requires a 420 ampere-hour charge 
and delivers only 300 ampere-hours on discharge. The 
efficiency of this cell is 


30€ of 100% or 71.4% 


420 


It must be remembered that these efficiencies were 
figured on a normal basis and that the normal efficiency 
of a battery is affected by a number of factors, one of 
which is the rate at which the battery is charged and dis- 
charged. For instance one car will have a total dis- 
charge (lamp load) of only eight amperes while another 
will have a total discharge (lamp load) of 35 amperes, 
and both cars equipped with the same size and type of 
battery. Consequently the efficiency of the same battery 
will vary on different classes of cars. 

The normal efficiency of a battery is also affected by 
the strength of the electrolyte, condition of the plates, 
and the nature of the charge and discharge. It would 
not be reasonale to expect a battery four years old to 
have the same capacity as a new one. Also, a battery 
neglected and abused, such as neglected flushing periods, 
or standing for long periods in a discharged condition, 
would not have the same efficiency as one of the same 
age that had received good care. 

The nature of charge and discharge is variable. Sup- 
pose we compare two similar cars, one operating in an 
express train with a three hour steady run between sta- 
tion stops, and the other operating in a local train with 
a ten minute run between stations. The battery on the 
car operating in the express train will receive a continu- 
ous three hour charge, while the battery of the car in 
the local train receives a ten minute charge and then a 
two minute discharge, then another ten minute charge 
and two minute discharge and so on, repeated again and 
again until the battery receives a charge equal in ampere- 
hours to the one in the express train. At the end of each 
run the Sangamo ampere-hour meter on each car will 
indicate the batteries in the same condition as to their 
state of charge, but as the charge in each case was of a 
different nature, they will not have the same efficiency. 
That is to say, the steady charge has a higher efficiency 
than the interrupted charge or vice versa. Taking all 
these characteristics into consideration, one:can easily see 
that it is not a small matter to determine upon the arrival 
of a car at a railroad terminal the condition of the battery 
with respect to its state of charge. 

The Sangamo ampere-hour meter, however, has been 
designed, with the addition of new devices, in an effort 
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to compensate for some of the conditions that affect 
battery efficiency and today this meter is a very essential 
part of nearly every car lighting equipment. 

Types of Ampere-Hour Meters—Ampere-hour meters 
of various types have been used abroad in the sale of 
electricity, on consumers’ circuits for many years, but this 
practice has not been used in the United States and 
Canada. Various types have been devised but only four 
have been developed so as to obtain any practical recogni- 
tion, namely: 

1. Mercury motor meter. 

2. Commutator or wound armature type with per- 
manent magnet. 

3. Oscillating type meter. 

4, Electrolytic type. 

The first type is the one that is generally used for 
car lighting. This type has proved its superiority over 
the others through a period of more than twenty-five 
years in England and about ten years in this country. 
The second and third types are not used to any appreci- 
able extent in storage battery operation. The fourth 
type, which depends upon the electrolysis of water or 
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salts of mercury, though still used to a considerable ex- 
tent, is not suitable for storage battery work on account 
of its being non-reversible. 

Principle of Mercury Motor Meter—The mercury 
motor type of ampere-hour meter consists essentially 
of a metallic disc armature submerged in mercury, with 
suitable contacts embedded in the chamber containing 
this armature, so that current may be led through the 
mercury bath and the armature therein, with proper re- 
lation to a magnetic field established by a permanent 
magnet with its poles in proximity to the mercury bath 
and armature. The current is led into and out from 
the armature at opposite ends of a diameter of the cham- 
ber, and in passing across is subjected to the action of 
the magnetic fields of opposite polarities, on opposite sides 
of the center, so that a continual torque is obtained. 

The torque exerted on the moving element is propor- 
tional to the product of the magnetism and the current 
through the armature. The magnetic field, being sup- 
plied by a permanent magnet, is constant, so that the 
torque in this meter is directly proportional to the cur- 
rent through it. 
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On the same shaft with the armature element there 
is fastened a disc rotating in the field of another per- 
manent magnet which operates as a generator, and the 
torque required to turn this disc is directly propor- 
tional to the speed. Therefore, the speed of the moving 
element, neglecting fluid and mechanical friction, is pro- 
portional to the torque, which in turn is proportional to 
the current. Therefore, the speed is a measure of the 
current and each revolution is equivalent to a definite 
and fxed amount of electricity. 

With suitable gear train driven from the shaft carry- 
ing the disc armature, the dial attached to the gear train 
may be made to read in ampere-hours of electricity, that 
is the product of current and time. This type of ampere- 
hour meter has many advantages over the other types 
mentioned above, principally in durability of construction, 
ability to withstand most severe jarring and vibration 
without injury to the structure of the meter, simplicity of 
operation on shunts for large capacities, and adaptability 
to the various special features required for ampere- 
hour meters in service with storage batteries. 

Construction of Sangamo Ampere-Hour Meters— 
In the Sangamo mercury motor ampere-hour meter the 
principles just described are embodied in the form of a 
copper disc armature, slotted to increase the rotative 
effect by guiding the current flow through the armature 
and between the contacts of the insulating mercury 
chamber in which the armature is contained. As shown 
in the cross section, Fig, 2, the armature has a float which 
gives necessary buoyancy for the entire moving system, 
including the armature, shaft and damping disc above the 
mercury chamber. This damping disc is in turn acted 
upon by permanent magnets, separate from the main 
driving magnet, so that proper control and adjustment 
of main speed may be obtained. A large U-shaped 
permanent magnet surrounds the armature chamber, 
with its pole pieces at the bottom, the return magnet cir-_ 
cuit for the flux set up by this magnet being through a 
laminated steel ring in the upper part of the armature 
chamber above the disc. 

At the lower end of the shaft a ring jewel guide is 
used, but as there is no pressure of the moving system 
downward, no end bearing is required. The shaft 
passes through an ingenious double tube arrangement 
by which spilling of mercury is effectually prevented 
when the meter is turned upside down or on its side. 
This is a considerable improvement over the former 
single tube device used in Sangamo meters for the same 
purpose. 

At the top the shaft carries a sleeve with a worm driv- 
ing the recording train; this sleeve also supports the 
aluminum damping disc. In the center of the cast iron 
arch above is carried the upper jewel bearing, consist- 
ing of a ring jewel to guide the shaft and an end jewel 
to receive the very light upward thrust of the entire 
moving system, amounting to about one-tenth ounce. 
The upper bearing is adjusted to give a very slight lift 
to the moving system so that the armature stands prac- 
tically central in the mercury chamber. 

With this construction there is practically no bearing 
friction on the jewels and any vibration or jar to which 
the meter is subjected, (which in another construction 
might seriously damage the pivot and bearing jewels 
of the moving system) is effectually damped out by the 


March, 1921 


dash pot action of the armature immersed in mercury. 
Sangamo ampere-hour meters may therefore be employed 
in the most severe train lighting service without danger 
or injury to any part of the motor element, the driving 
magnets, or the damping magnets. 

Storage Battery Efficiency—The Sangamo ampere- 
hour meter is used in car lighting service to indicate the 
condition of the battery with respect to state of charge, 
and as a storage battery is not a hundred per cent effi- 
cient that is, no battery will give out as much current 
as put into it, it becomes necessary that a meter be so 
designed that it will automatically allow for the excess 
of charge over discharge if it is to satisfactorily meet the 
requirements of service. The efficiency of a battery, that 
is the ratio of possible discharge to the previous charge, 
varies with different conditions of use and with the type 
and condition of battery, so that an ampere-hour meter 
intended to indicate condition of a battery with respect 
to charge, should be adapted in each case to the type of 
battery and particular conditions under which it is to 
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operate. The following special features serve to adapt 
Sangamo ampere-hour meters for actual service condi- 
tions. 

Overcharge Feature —Any battery whether of the lead 
or nickel-iron type will require, under the very best con- 
ditions, about ten per cent more electricity to be put in 
en a charge than can be taken out on the next discharge, 
and under many conditions, thirty per cent more is re- 
quired. It may be fairly stated as an average condition, 
that an overcharge of from ten to thirty per cent will be 
required. 

With a simple ampere-hour meter as described above, 
assuming that a battery is discharged through such meter, 
Properly calibrated, true ampere-hours will be recorded. 
Tf on the next succeeding charge the indicator of the 
meter were simply returned to the point from whjch it 
started, the battery would not be fully charged and the 
indicator would have to continue past the original point 
by ten to thirty per cent, depending upon the conditions, 
in order that the battery should be fully charged. This 
would without a doubt make the meter impracticable. 
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This difficulty is overcome in Sangamo ampere-hour 
meters by the use of a variable resistor element, and dif- 
ferential shunt or a manual resetting device. 

Variable Resistor Element.—The variable resistor ele- 
ment, is most generally used in Sangamo ampere-hour 
meters to compensate for overcharge. It consists of a 
narrow copper bar immersed in a mercury filled chamber, 
similar to the armature chamber of the meter proper, ex- 
cept that the bar, instead of rotating, is limited to a cer- 
tain angle of swing so that at one position it lies between 
contacts embedded at opposite ends of the chamber, while 
at the other end of the swing it is away from the con- 
tacts, and the path of current through the resistor lies 
largely through mercury of relatively high resistance in- 
stead of principally through the copper bar. By having 
this element in parallel with the main armature chamber 
or measuring element, of a Sangamo ampere-hour meter, 
either with or without a shunt for large capacities, a 
different amount of current will pass through the measur- 
ing element for a given flow of current in the main cir- 
cuit, depending upon whether the resistor bar is at the 
point of minimum or maximum resistance between con- 
tacts. By a simple adjustment, the angle of swing may 
be limited to any desired amount from zero, when no 
effect will be obtained, to the maximum, giving approxi- 
mately thirty per cent overcharge. Therefore, by 
means of the resistor a most Satisfactory and_ easily 
altered adjustment for overcharge is obtained. The re- 
sistor bar swings automatically on reversal of current 
flow through the meter. This is due to the resistor ele- 
ment being located directly beneath the pole pieces of the 
driving magnet, so that the current passing through the 
resistor bar reacts with the leakage field from the pole 
pieces, causing the bar to swing to one extremity or the 
other within the chamber, according to the direction of 
current flow. Therefore, the bar will be at the point of 
maximum resistance as in Fig. 3 on discharge, while if 
current be reversed, as shown on the next succeeding 
charge, it will immediately swing to the point of mini- 
mum resistance between contacts as shown in Fig. 4, and 
will remain there as long as the current continues in the 
charge direction. 

Differential Shunt Feature—The differential shunt 
type meter involves a principle of operating for obtaining 
any desired percentage of overcharge. This meter is 
used on straight storage cars where the battery is not 
floated on the line. It can not be used in any system 
where the generator must supply current to lamps on 
the battery circuit at the same time it is charging the 
battery. The arrangement of the differential shunt with 
the simple ampere-hour meter element is shown in the 
diagram, Fig. 5. The principle of operation is that a 
greater drop is obtained from the shunt in a discharge 
circuit than in the charge circuit so that the meter will 
run relatively slower on charge, on a given load, than 
on discharge. By means of suitable bridging connections 
on the shunts, and a sliding adjustment, it is possible to 
maintain the meter correct on discharge, and to change 
the adjustment by any desired percentage slow on charge, 
With this arrangement of differential shunt, assuming 
that the indicator of the meter has recorded true ampere- 
hours discharge, the meter will run slow on charge so 
that when the indicator has returned to its original posi- 
tion, necessary overcharge will have been given and the 
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battery will again be full when the hand shows at that 
point. 

Manual Reset—The simplest means of compensating 
for overcharge is non-automatic; that is, it depends upon 
the resetting of the indicator hand by the battery op- 
erator. In this case, the simple type of meter, without 
resistor or differential shunt is used, and the indicator 
hand is provided with a mechanism accessible from out- 
side the meter cover, by which the hand can be set at any 
desired point before or after the charging process is 
started. The resetting device is also very useful on 
meters having either differential shunt or variable re- 
sistor, as it is necessary from time to time to give any 
storage battery a special overcharge, and in such cases 
a predetermined amount of charge may be given by 
simply setting the indicator hand ahead to any desired 
point by means of the resetting device. 

Stop Charge Feature-——With ampere-hour meters in 
car lighting service it is usually desirable to have some 
means of automatically stopping the charge when the 
indicator hand has returned to the full-charge point. For 
this reason the Sangamo ampere-hour meters for such 
service have an insulated contact placed at the zero or 
full-charge point on the dial. When the hand reaches 
this point a shunt trip circuit breaker may be operated, 
automatically discontinuing the charge. In addition to 
the contact at full-charge point, it is sometimes desirable 
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Fig. 5—Circuit Diagram of Differential Shunt Type Sangamo 
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and in many cases necessary, to have one more contact 
at another point on the dial of an ampere-hour meter to 
operate relays to discontinue discharge and start a re- 
charging operation. This second contact may be placed 
at any ampere-hour discharge point on the meter dial. 
Method of Increasing Light Load Accuracy and Tak- 
ing Care of Internal Battery Losses—As the use of 
ampere-hour meters became general several years ago 
in railway train lighting, it was found necessary in many 
cases to reset the indicator hands of meters, even when 
equipped with differential shunts or variable resistors, 
so as to give overcharge quite frequently to compensate 
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for internal loss of a battery when standing idle or for 
current not registered by a meter at very small fractions 
of rated load. To compensate for this, a thermo-couple 
shown in Fig. 6, is used in Sangamo meters. This thermo- 
couple consists of two pieces of dissimilar metal brazed 
together, and heated by a fine wire resistance winding 
connected across the circuit in which the meter is placed, 
so that a very low difference of potential is set up in 
the thermo-couple. Having the terminals connected 
through a suitable adjusting resistance to the motor ele- 
ment of an ampere-hour meter, a current will pass 
through the armature from the thermo-couple, which, 
when properly adjusted in volume, will cause a slight 
continuous rotation of the meter disc, thus recording on 
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Fig. 6—Thermo-Couple and Resistance Connected in Multiple With 
Armature Circuit Heating Coil Connected Across Battery Terminals 


the dial and compensating for internal loss in a battery 
standing idle. Aside from this, the least amount of load 
current passing through a meter with such compensation 
will be accurately measured as the armature is in rota- 
tion without the load current on, and will therefore in- 
crease in speed of rotation in direct proportion to the 
least current flow in a circuit in which the meter may 
be connected. By using the thermo-couple in a Sangamo 
ampere-hour meter, the indicator of the meter will be 
kept in perfect step with the condition of the battery with 
respect to charge, over very long periods, without pe- 
riodical overcharge, as would otherwise be required. 

Application of Sangamo Ampere-Hour Meters—The 
auto base type of Sangamo ampere-hour meter is used 
with the three general classes of car lighting equipment, 
namely : : 

1, Axle generator equipment. 

2. Head end generator equipment. 

3. Straight storage equipment. 

The term auto base was given many years ago when 
meters of this form were originally brought out for use 
on electric automobiles. Aside from this, the designa- 
tion has no special meaning. The auto base meter has 
an aluminum base for the operating parts, with black 
enameled metal cover and connections brought out either 
as back extending studs or bottom connecting cables. 

Application with Axle Generator Equipment.—The 
axle generator equipment includes a generator on each 
car which is driven from the car axle so as to keep the 
battery on the car at as nearly full charge as possible, 
meanwhile the battery carries the load below a certain 
critical speed. With this equipment the ampere-hour 
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meter has proved extremely valuable in preventing exces- 
sive battery overcharge. This is accomplished by means 
of the full-charge contact in the ampere-hour meter. As 
now applied, when the ampere-hour meter hand reaches 
the full-charge point, it operates through a relay or other 
equivalent device to change the field strength of the gen- 
erator so that the charge to the battery is reduced to 
zero and the battery floats, or is approximately at that 
point. The battery continues to float while the train is 
above critical speed, and then after the next stop, charg- 
ing is resumed until the battery again reaches full-charge 
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Fig. 7—Control Panel With Meter and Circuit Breaker. Electrical 
Connections Shown By Dotted Lines 


point when the operation repeats, preventing excessive 
overcharge. There are various modifications in sev- 
eral types of axle generator equipments which may re- 
quire in individual cases certain changes in the arrange- 
ment of the full-charge contact, and with one or two types 
of equipment a restoring contact is required at a certain 
point of discharge, so that relays may be operated by the 
two contacts. 

Sangamo Meters with S traight Storage Equipment.— 
Aside from the application of the Sangamo ampere-hour 
meter as automatic control of the battery charge with 
axle equipment as now used on railroad cars in the United 
States and Canada, they have been used for many years 
on several well-known railroads having straight storage 
battery lighting equipment; that is, where the lights are 
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Fig. 8—Method of Connecting An Ammeter in the Main Circuit 


upplied by a battery on the car, which is charged at 
erminal points, but with no generator on the car itself. 
n this service the meter records total discharge while 
he battery is carrying the load of lights, fans, etc., on the 
ar, and indicates total charge plus the necessary over- 
harge when the battery is charged at terminal points. 
Meters for this service are frequently equipped — with 
angamo circuit breakers on a panel arranged for in- 
tallation in lighting cabinets of the car, as shown in 
‘ig. 7, 

ere. . 
Sangamo Meters with Head End Equipment.—With 


head end equipments, that is where the generator is car- 
ried in the baggage car or on the locomotive, it is neces- 
sary to use a somewhat different arrangement of meter 
and relays, if automatic control is desired. On a num- 
ser of railroads having head end equipments, meters, 
with duplex gear trains are used to keep track of the 
condition of the battery on each car, but not to give auto- 
matic control of the battery charge. 

Fundamental Principles of A pplication —The ' funda- 
mental principles in the application of Sangamo meter 
control may be divided into three general classes, (a) 
those in which the meter indirectly controls a resistance 
in series with the generator field; (b) those in which the 
meter, either directly or indirectly, controls a resistance 
in series with the voltage controlling solenoid and (c) 
those in which the meter indirectly controls a resistance 
in parallel with the generator field. 

Fig. 7 shows a Sangamo control panel for use on either 
straight storage or axle generator cars. With either sys- 
tem the circuit breaker controls the external charging 
circuit only, that is the charging from a yard plant, and 
has no connection whatsoever with the charging line 
from the axle generator. 

Other control panels consisting of a circuit breaker 
and two ampere-hour meters having a rating of ten and 
sixty amperes respectively are also used. The meter 
with the ten ampere rating registers the current on dis- 
charge, and the one with the sixty ampere rating registers 
the current on charge. These meters are of the simple 
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Fig. 9—Method of Connecting a Sangamo Ampere-Hour Meter in 
‘ the Main Circuit 


shunt type and are equipped with the manual resetting 
device. The circuit breaker controls the charging cir- 
cuit only. This panel is designed for use in cars having 
a very small lamp load such as refrigerator cars. The 
operation of this panel is as follows: assuming a fully 
charged set of batteries are applied, the pointer of the 
discharge meter should be set by hand at zero. When 
necessary to charge the battery the hand of the charge 
meter should be set to the ampere-hours indicated on 
the discharge meter, and the circuit breaker closed. As 
the batteries are charged the hand will rotate counter 
clockwise and when charge is completed the hand will 
close the contact at the zero point, opening the circuit 
breaker and cutting off the charge. If the charge is 
complete, the needle on the discharge meter should be 
set by hand at zero or if not complete, at the ampere- 
hours indicated by the hand of the charge meter. 
Sangamo Circuit Breaker—The Sangamo circuit 
breaker, Fig. 7, is extremely simple. It contains two sets 
of contacts, one set for controlling the main battery charg- 
ing circuit and a smaller set for controlling the breaker 
shunt coil circuit. The breaker is operated by this shunt 
coil which is energized by the operation of the zero con- 
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tact on the Sangamo meter dial. The shunt coil oper- 
ates the breaker by tripping a latch. This latch when 
closed will stand such jarring and vibration as is en- 
countered in train operation without allowing the breaker 
to open and yet as soon as the shunt coil is energized, it 
opens instantly and positively. 

New Quick Break Contact.—The new break contact is 
a big improvement over the old type of contact. The 
meter dial hand, instead of simply making a butt contact 
as it comes around to the zero point, engages a dog which 
is pivoted and bears against a spring carrying a platinum 
contact, causing it to make contact with similar platinum 
point above, thus closing control circuit. After the dial 
contact has been made and battery charging discontinued, 
the meter is no longer driven in a charging direction. Ac- 
cordingly, the contact remains closed until the battery 
has discharged so that the meter hand moves back to the 
50 ampere-hour mark on the dial at which time the meter 
dial contact is opened instantaneously. 

Method of Connecting a Sangamo Ampere-Hour Meter 
in a Circuit—Carlighting men use a direct current am- 
meter in testing axle generator equipment. This instru- 
ment indicates the amount of current in amperes that is 
flowing in the circuit. If the ammeter indicates that the 
battery is receiving a charging current of forty amperes, 
and the charge continues for one hour, the battery has re- 
ceived forty times one or forty ampere-hours charge. 
This is exactly what the ampere-hour meter does, it mul- 
tiplies current and time, and the product in ampere-hours 
is indicated by a hand which is moved around a graduated 
dial. 

The direct current ammeter in general use for testing 
axle generator equipment is of the external shunt type. 
This type of ammeter is very convenient for this particular 
work because the shunt can be equipped with blades and 
inserted in place of the generator fuse, thereby eliminating 
the necessity of disconnecting wires from the apparatus. 
Fig. 8 shows the method of connecting a direct current 
ammeter to measure the current in the generator and bat- 
tery circuit. The shunt is inserted in series with the 
circuit and two flexible wires connect the instrument di- 
rectly across the shunt. 

A Sangamo ampere-hour meter is connected in such a 
circuit in like manner. The shunt is connected in series 
with the circuit and the various meter circuits are con- 
nected by small conductors across the shunt as shown in 
Fig. 9. The indicating mechanism of an ampere-hour 
meter is different from that of the ammeter in that it con- 
tains a means for revolving a train of gears which in turn 
moves a hand over a graduated dial. 


Proposed Power Development on the 
Delaware River 


NNOUNCEMENT of a proposed plan to develop 
about 500,000 kw. in water power on the Delaware 
River, at a total cost estimated at $200,000,000, has been 
made by Paul T. Brady of the Westinghouse Electric & 
Manufacturing Company. Active work will be com- 
menced as soon as authorization is received from the Fed- 
eral Water Power Commission. The plan calls for the 
construction of four dams, at or near Belvedere, Bushkill, 
Shohola and Butler’s Rift, with an average head of 80 ft. 
The total power capacity of these four dams is estimated 
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at about 500,000 kw. at normal high water. In addition | 
a steam-power plant with a capacity of 100,000 kw. will | 
be erected somewhere in New Jersey in order to supple-_ 
ment the hydro-electric plants during seasons of low 
water. | 

Power will be sold wholesale in large blocks in New | 
Jersey, eastern Pennsylvania and southern New York, 
though it is believed at this time that New Jersey will 
take the major part of the total output. If present plans | 
are carried out the steam power plant and two of the 
hydro plants will be in operation by January 1, 1923. 

Mr. Brady has applications covering all of the desir-. 
able water-power sites in the hands of the Federal Water 
Power Commission, where they are grouped under the 
title of Project No. 22. He is at present working in an. 
individual capacity, but will turn the whole proposition 
over to a corporation as soon as the necessary prelim- 
inaries are settled. Associated with Mr. Brady are Dun- 
can, Young & Company, the L. B. Stillwell Engineering 
Company and the engineers of the Westinghouse Electric 
& Manufacturing Company.—Electrical W orld. 


Standardization of Insulated Wires 
and Cables 


CONFERENCE on the standardization of insulated 

wires and cables was held in New York in 
the early part of February. The conference, which 
was called by the American Engineering Standards 
Committee at the instance of the American Railway 
Engineering Association, was attended by representa: 
tives of fourteen national organizations. 

After a thorough discussion of the many considera: 
tions involved, it was unanimously decided that “The 
unification of specifications for wires and cables fo: 
other than telephone and telegraph use should be un 
dertaken under one general plan, covering substan 
tially all the more important uses.” It was agree 
that work on the following should be included: 


Conductor, quality, stranding, sizes. 

Rubber insulation. 

Varnished cloth insulation. 

Impregnated paper insulation. 

Magnet wire (including enamel, cotton and sil! 
insulation). | 

Fibrous coverings (including asbestos). 

Sheaths. 

Armor. 

Standard make-ups. 

Nearly a dozen organizations now have importat 
publications on the subject, and it was agreed that th 
proposed work should be a unification of the specif 
cations and standards already in existence, rathe 
than an attempt to formulate entirely new standard. 
except in fields not already covered. q 

It was the consensus of opinion that, in order t 
promote export trade, it would be desirable to hav 
all the American wire and cable standards assemble 
in a single book. This form of publication, whi) 
giving due credit to the participating organizatior 
would appear to foreign wire and cable purchasers as_ 
complete book of American Standards, rather than @ 
the standards of societies comparatively unknow 
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abroad. This has been done in a very thorough way 
by the Germans and to a considerable extent by the 
British, thus placing Americans at a decided disad- 
vantage in foreign trade. It was agreed that if such 
a book were prepared and given proper publicity in 
foreign countries, it would remove one of the greatest 
difficulties under which American manufacturers are 
now laboring in developing export trade. 

The proposed work will be carried out under the 


' auspices and rules of procedure of the American En- 
_ gineering Standards Committee. 


A High Voltage Wire Crossing 


Fale number of wire crossings where electrified steam 
railroads cross lower voltage street car lines are re- 
latively few at the present time. The ruggedness of 


their construction, however, is of utmost importance and 
_ the illustration shows one scheme by which such a wire 
crossing has been successfully accomplished. The line 
_ supported by the catenary is 11,000 volt a.c., while the 


street car trolley is the usual 550 to 600 duc. 
The 11,000-volt trolley wire, 4, terminates in a flat 
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a trolley car arrives at this point the conductor raises the 
handle G, which communicates its motion to the switch 
blade F, through the long wooden rod, H. As long as 
the handle G is held up the switch will remain closed, the 
usual practice in this respect being to hold the handle up 
until the trolley car has cleared the crossing and is again 
upon the live section on the opposite side. 

The entire weight of this overhead construction is 
supported by the 11,000-volt catenary, which is suffici- 
ently strong to bear the weight with an ample factor 
of safety. Such a crossing as this is used on the Boston 
& Maine Railroad at North Adams, Mass., where that 
line crosses the State street car line. Dimensions have 
been omitted from this sketch but the construction fea- 
tures are sufficiently plain to enable one to design a 
similar crossing with material of such size and strength 
as may be desired. 

The wire crossing used on the Boston & Maine has 
proved to be satisfactory in every respect. As the electric 
locomotive passes over the street car line it is necessary 
to lower the pantagraph during the time the locomotive 
is on the crossing. This, however, has not proved to be 
any serious inconvenience, as the distance between the 
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Diagram of High Voltage Wire Crossing Showing One Method of Accomplishing the Desired Result 


iron strap, C, on either side of which are bolted two strips 
of hardwood approximately 8 ft. long. To the other end 
of these wooden strips, ), are bolted two pieces of heavy 
strap iron, E, the angle of which is determined by the 
crossing angle of the two roads. To the angular strap, 
E, is bolted the channel iron, B, through which the 550- 
volt dic. trolley wire runs across the high voltage cate- 
‘ary construction of the electrified line. 

__ The section of trolley line, which is attached to the 
channel iron and which extends but a few feet beyond 
the end of the channel iron is normally dead and is only 
energized when the street car is actually passing 
over the crossing. This short dead section may be 
energized from either side of the crossing, or 
from one side only, by means of a suitable switch 
‘mounted upon a pole. Such a switch is shown at F. It 
will be seen that one end of it is hinged on the underside 
lof the crossarm and it is to this movable part that the 
dead section of the trolley line is connected. The live 
contact of the switch may also be mounted upon the 
underside of the crossarm, but under normal conditions 
it is evident that the trolley feeder does not supply 
energy to the section of wire over the crossing. Whenever 


two pantagraph shoes on the locomotive is sufficiently 
great to span the width of the dead section so that it 
is not possible for any locomotive to stall at this point on 
account of its inability to draw power from its trolley 
supply. 


oa 


The Use of the Magnetic Compass for 
Testing 


By W. S. Henry 


Service Engineer, General Railway Signal Co, 


HE compass test is based upon the fact that 

magnetic lines of force emanating from different 
sources in close proximity tend to become parallel 
with each other if the lines of force from the two 
sources conflict as to direction. The compass needle 
is a hardened piece of steel that has been permanent- 
ly magnetized and when not under the influence of 
magnetic forces other than the earth, it points north 
and south. Its lines of force are affected by those of 
the earth so as to cause the needle to assume a posi- 
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tion where the lines of force from the two sources 
are parallel. 


How the Current in a Wire Affects the Needle 


Current flowing in a wire sets up a magnet field 
around the wire, with the lines of force in imaginary 
circles, the planes of which are at right angles to 
the length of the wire. Therefore, if a compass 1s 
held close to this wire, and the wire length is north 
and south, current flowing in the wire will swing the 
compass needle east and west. Upon interrupting 
the flow of current in this wire, the needle will swing 
back to its former position, north and south. 

This performance makes it possible to identify a 
wire carrying current if the current is interrupted at 
frequent, regular intervals. If an uninterrupted cur- 
rent prevails, there would be no way of determining 
when the needle was influenced from another source, 
since other influences may easily cause a considerable 
movement of the needle out of its usual north and south 
position. ; 

Advantage may be taken of the facts mentioned in 
order to locate grounded circuits or breakdowns in 
wire insulation. Assuming that such a condition 
existed, it is an easy matter to find the trouble by 
making tests with a compass on each wire until the 
trouble is located. 


Using the Compass Test 


In some wiring systems it is the practice to con- 
nect permanently one side of all functions to the 
negative side of the source of power, with the other 
wires involved in the circuits for the operation of the 
functions, either connected to the positive or to the 
negative, depending upon the position of the operat- 
ing connections after the function or functions have 
operated. 

If some part of the system, which is permanently 
connected to negative, becomes grounded, an inter- 
mittent current can be established through the fault 
and over the return wire to negative battery, by at- 
taching one wire to positive and another wire to 
ground (such as a city water pipe or a track rail) 
and then intermittently touching the ends of these 
wires together. This positive current passes to the 
ground and searches out the spots where defective 
insulation makes it possible for it to leave the ground 
and return on the wire or wires connected to the 
negative side of the source of power. In this case, 
if a compass is held close to the wires with the needle 
parallel with them it will be an easy matter to identify 
which wire has the faulty insulation. Where com- 
mon wires are used, the intermittent current will 
usually be found returning to negative on some one 
of the several common wires which are ordinarily 
employed. 

In using the compass it is convenient to test at 
points such as junction boxes, or at branches. Tests 
conducted in this way will show whether the ground 
is still farther away, or whether it has been passed. 
When the compass needle deflects at one location but 


not at another location close by, the faulty insulation 


will usually be found between the locations at which 
the tests were made. 
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Reason for Intermittent Current 


The absence of needle deflection is depended upon | 


to identify the location of the fault. On this account 
it is important that the one making and breaking the 
test circuit, do so in a clock-like regularity, keeping 


constantly at it without intermission, until permitted 


to stop by the observer making the tests. 


It is best to make the positive connection with an | 
ammeter in the circuit to indicate for each current. 
impulse, so that the one interrupting the current may | 
watch the ammeter needle and govern his action in- 


making and breaking the circuit. 
occur 
value, and the circuit should again be closed as soon 


A break should. 
as soon as the current reaches its maximum | 


as the ammeter drops back. This will insure about 
the right sort of current impulse and will avoid irri- | 
tation of the eyes, which results if one watches the 
arc while performing this work. When starting the. 


test, the maximum current to ground should be ob-. 


served and if this is more than six or seven amperes, 


a resistance should be placed in the circuit to the 
ground connection to limit the current to not more 


than this amount nor less than two amperes. 


How to Use Compass for Wires in Any Direction 


The compass needle usually points north and south, 
but the wires may run in any direction. The diffi- 
culty of having the needle parallel with the wires, re- 


gardless of their direction, is overcome by employing | 


a magnetized knife blade to attract the compass 
needle to any desired position. Care must be exer 
cised to keep the knife blade as far away from the 


compass needle as possible and yet secure the neces- 


sary needle position, otherwise the knife blade may 
attract the needle so strongly that the magnetism due 
to current in the wire may not cause it to swing. 
Where wires are vertical and cannot be moved to a 


horizontal position, test can be made with the com- 


pass by influencing the needle to point directly 
toward the center of the wire. However, the hori- 
zontal position of the wire is more advantageous for 
the compass test. 

A compass having a needle not more than 3 in. in 


length is recommended for this work, as it starts 
easily under the influence of a weak magnetic field and 
comes to rest quickly. The bearing of the compass. 


needle should be so constructed that slight tipping of 


the compass will not cause the needle to bind. 


Difficult Cases to Test Out 
Sometimes some difficulty may be experienced in 


locating the wire over which the intermittent cur- 


rent is returning to negative when it does not ap- 
pear on any of the common wires. Always bear in 
mind that whatever current enters the earth from 
positive must return to negative over some wire that 
reaches the faulty insulation. 


the defective insulation found. After it has been de- 
termined which function is in trouble, it is a simple. 
matter to correct it or to temporarily isolate it, so 
that the testing may continue. 

This scheme of testing, when one has acquired a 
reasonable amount of experience, produces results in 


Therefore, the search 
should be continued until such wires are located and 


: 
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an hour or two that would probably take as many 
days if one endeavored to locate grounded devices by 
disconnecting each one for checking the integrity of 
the insulation. 


Advantages and Cost of Railroad 
Electrification 


MEETING of the Electrical Section of the Franklin 

Institute was held in Philadelphia, Pa., on Febru- 
ary 24, which was addressed by A. H., Armstrong, of 
the General Electric Company. Mr. Armstrong’ called 
electrification an economic necessity and spoke of the need 
for developing railroad facilities. He said that it is a 
matter of grave national concern properly to diagnose 
the true character of the ailment affecting our transpor- 
tation system, and to prescribe the treatment of greatest 
‘promise for its future recovery. He enlarged on the sub- 
ject of how electric operation could best be used to meet 
future railroad requirements and told of what had already 
been accomplished. 

In summing up his paper, Mr. Armstrong said that 
electrified terminals in large cities would revolutionize 
present steam locomotive practice and not only effect 
economies in operation, but greatly stimulate traffic by 
introducing radical improvements and facilities. With no 
mmediate prospect in sight for any material reduction 
n the price of labor, its output must be increased, and 
‘lectric operation has demonstrated its effectiveness in 
his direction. In addition, locomotive division points 
nay be indefinitely extended. All of these improvements 
n the electrified property will cost large sums of money, 
dthough in some items of operating expense, such as 
uel, crews and maintenance, direct savings are effected 
f such magnitude as to show a reasonable return upon 
€w capital charges incurred. The argument for elec- 
tification, however, is built upon a broader foundation 
tan a direct return upon the investment. Tt has to do 
vith the vital question of the future growth of our trans- 
ortation system and its effect upon our national pros- 
erity. The conditions which prevail today in the trans- 
ortation business should not be taken as a criterion upon 
hich to base future requirements, 

In answer to several questions put to Mr. Armstrong 
lating to electrification costs and mileages, he said that 
i original 440-mile electrification on the Chicago, Mil- 
’aukee & St. Paul cost about $13,000,000. This included 
' freight and passenger and two switching locomotives. 
1is, he said, figures out at about $28,000 per route-mile 
$18,000 to $19,000 per single-track mile. The freight 

id passenger locomotives cost about $130,000 each, and 

ey replaced 112 steam locomotives, worth about the 

me in total as the electrics ; hence the items of locomo- 
€ costs about offset each other. The last 220-mile elec- 
fication on this road cost more, having been carried out 

‘war time, the increase being, roughly, about 50 per 

At. 


; 


The White House in Washington is one of the most 
Ticately equipped electrical mansions in the world. 
ere are more than 170 miles of wires, providing 3,000 
andescent lights and a bell and private telephone sys- 


1 for the exclusive use of the President and his family. 
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Quebec Railroads Should Be Electrified 


H. E. Weyman, manager, Levis County Railway of 
Quebec, in an address given recently before the Rotary 
Club, Quebec, urged the electrification of Quebec rail- 
roads. He said that due largely to the high cost of coal, 
Canada would at some time jn the near future have to 
decide upon some comprehensive plan for the develop- 
ment of its water power and for the electrification of its 
railroads. In central Canada, and especially in the Prov- 
ince of Quebec, he said, there are no coal deposits, but 
nature has compensated for this by providing enormous 
water power. Comparatively few of these water power 
sites have been developed to any great extent, while 
large sums of money are paid out in the purchase of coal 
from outside the country. It was his contention that 
plenty of data is available on the subject of electric oper- 
ation and that electrification was often desirable even in 
countries which have large coal deposits. He cited oper- 
ating costs on the Chicago, Milwaukee & St. Paul in an 
effort to show how Canadian railroads could effect a 
great economy by similar operation. 

Mr. Weyman laid particular stress on the cost of haul- 
ing non-revenue coal and on the low cost at which electric 
power could be produced. Steam locomotives, he said, in 
the Province of Quebec haul about 15,000,000,000 ton- 
miles of freight per year. This requires something more 
than 2,250,000 tons of coal per year, costing from eight 
dollars to ten dollars per ton, making a total coal bill 
of from $14,000,000 to $15,000,000. This coal is pur- 
chased outside of the province and has to be hauled an 
average distance of 400 miles from the mines, involving 
about 700,000,000 ton-miles of non-revenue haulage, or 
five per cent of the total ton-mile haulage per year. He 
contended that about 720,000,000 kw. hr. would be suffi- 
cient to operate the railroads annually in the zone men- 
tioned, and said that a power plant capacity of 100,000 
kw. would be sufficient to generate this power. There 
are already in the province, water power plants with an 
aggregate capacity of 300,000 kw. He estimated that the 
cost of power for electric operation would be about 
$7,000,000 as against twice that amount now spent for 
coal, and that the saving due to elimination of non- 
revenue haulage would effect an additional annual saving 
of about $1,000,000. 

Mr. Weyman made the broad statement that all new 
railroads to be constructed in the future should be, not 
only for their own but for their country’s sake, operated 
by electricity. 


One of the Electric Locomotives Used on the Gotthard Line of the 
Swiss Federal Railways 
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Device for Calibrating Voltmeters 


The voltmeter is a very essential instrument in train 
lighting service because the voltage test is the only prac- 
tical means of ascertaining the condition of a storage 
battery on a car, with respect to its state of charge, while 
operating in railroad service. These instruments are very 
delicate and easily thrown out of adjustment ; therefore 
it is necessary to have some means of checking them at 
regular intervals with a standard voltmeter. 

A device for calibrating voltmeters is shown in the 
wiring diagram below. It consists of a sliding contact 
tube rheostat, a standard voltmeter, two pole single throw 
knife switch, and a pilot lamp. 

The basis of the rheostat is a thin metal tube, coated 
with enamel, and about which the resistance wire is 
wound. This tubular unit is mounted on two substantial 
iron supporting feet, each with two screw holes. Parallel 
to the longitudinal axis of the tube a triangular rod is 
fixed, along which the regulating slider moves. The slider 
carries an effective brush device, consisting of a number 
of laminations and making reliable contact with the re- 
sistance wire. The resistance wire is made from a special 
resistance alloy. Bare wire is used and is coated with 
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Diagram of Wiring Used for Voltmeter Calibration 


a thin film of oxide, which affords sufficient insulation to 
overcome the small potential difference between adjacent 
turns. Under these conditions, no space between turns 
is necessary, and the entire surface of the tube can be 
used, thereby greatly increasing the capacity for given 
physical dimensions. The tube is 2 in. in diameter and 
12 in. long. The resistance coil has a resistance of 1,020 
ohms and a carrying capacity of .6 ampere. 

Three double binding post terminals are provided, one 
attached to the slider rod, and one at each end of the 
resistance wire. 


eal 
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The resistance coil is connected directly across the 
source of supply, and the standard voltmeter is connected 
across the source of supply in parallel with a portion of 
the resistance. The value of this resistance is determined 
by the location of the sliding contact. By the use of this 
device a voltmeter may be calibrated with the standard 
meter over its entire scale by connecting it in multiple 
with the standard meter, and slowly moving the slider 
contact along the slider rod of the calibrating device. 

The pilot lamp is used both as a pilot and to give 
illumination for calibrating. 

At one large railroad terminal where this device is in 


Resistance Coil With Sliding Contact 


use, there are twelve voltmeters constantly in use takin 
voltage tests of the batteries on the cars and each inspecto 
is obliged to check his meter at least twice a day, that 1 
before starting the morning and afternoon periods ré 
spectively. 

This device is a big factor in the safe and economicé 
operation of a car lighting department, as it will eliminat 
waste of current in overcharging batteries and also pr 
vent the lighting failures which would be the result if th 
voltmeters were not properly calibrated. 


Page the Electrician 


“Hello, Mr. Givney?”? — “This is George talking. 
wish you would send down your shop electrician, I’ve ' 
a hoist here in the ice house that has gone plumb loc 
Every time I start her she goes to the bottom of the sha 
first and then comse back up. The motor runs the opp 
site way each time.—No, sir, I haven’t broken Rule 
All the other fellows have seen it too.—Yes, I wish you 
get him down here as soon as possible, it isn’t handy 
use any of the other hoists where we're working.” 
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That is what the ice house foreman said and when the - 


electrician got down to the job he found that was just the 
way it worked. The outfit consisted of a small 3-phase, 
squirrel cage motor with a solenoid brake connected 
through a single reduction gear to a drum. A single 
cable winding up on the drum raised the hoist. The 
motor was started by throwing it directly on the line. 
Under normal operating conditions the hoist was raised 
to any desired level by closing the switch and lowered 
by pulling on a rope which released the solenoid brake 
mechanically. 

Now they were taking ice from an ice house about half 
full of ice and raising it to the loading platform from 
which it was loaded into the top of the refrigerator cars. 
The hoist was lowered to the desired position by releasing 
the brake and there loaded with several pieces of ice. 
The switch was then closed, but instead of going up, the 
hoist went down. It went to the bottom of the shaft and 
then came back up, the cable winding in the reverse of 
the usual direction. When the switch was pulled the 
motor stopped as usual. 

If, however, a poor stop was made and it was necessary 
to raise the hoist a few inches to get it level with the land- 
‘ing, when the switch was closed the hoist would again 
go to the bottom of the shaft and come back up, this 
time winding the cable in the right direction. 

It had the electrician stumped for a time but after 
looking over the outfit he found one fuse blown, a simple 
reason for a seemingly complicated result. The brake 
solenoid had a single coil which happened to be connected 
to the phase that was still live. When the switch was 
closed, the brake released, but as only single phase current 
was applied to the motor it had no starting torque and 
the hoist started to fall; it fell until it had brought the 
motor up to synchronous speed in the reverse direction. A 
single phase motor doesn’t care which direction it runs in 
if means are provided to first bring it up to speed, so 
when the hoist brought the motor up to speed it fell into 
step as a single phase motor and continued to run in the 
reverse direction, first unwinding all the cable and then 
winding it up in the reverse direction until the switch was 
pulled, cutting off the power and allowing the brake 
springs to apply the brake as usual. The next time the 
switch was closed the operation was the same except that 
the motor was started in the opposite direction, due to 
the cable being wound up backward. A new fuse cor- 
rected all the trouble. 


Covering Property of Paint 


One pound of ready-mixed paint, when thinned, will 
cover about two square yards of first coat, three yards 
of second, and four yards of each subsequent coat; or 
one and three-eighths pounds to the square yard will be 
required for four coats and one and five-eighths pounds 
for five coats. 


“T am not much of a mathematician,” said Careless- 
ness, “but I can add to your troubles, I can subtract from 
your earnings, I can multiply your aches and pains, and I 
can divide your attention. I can take imterest from your 
work and discount your chances for safety—The Center 
Punch. 
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A Possible Chance 


The college graduate was looking for a position of some 
sort. Entering an office, he asked to see the manager, and 
while waiting he said to the office boy: 

“Do you suppose there is any opening here for a col- 
lege graduate ?”’ 

“Dere will be,’ was the reply, “if -de boss don’t raise 
me salary to t’ree dollars a week, by tomorrow night.”— 
The Santa Fe Magazine. 


Osculatory 


The gob was on shore-leave and happy because he had 
found a girl as affectionate as he. His joy was dimmed, 
however, for a bluecoat had forbidden spooning in the 
park, and his girl had tabooed it in the streets. But life 
took a new turn when he saw a man kiss his wife fare- 
well in front of the Pennsylvania Station, New York. 
He rushed his girl toward a crowd hurrying toward the 
Philadelphia express, and bade her a fond farewell. When 
the crowd thinned, they joined a throng for Washington, 
and repeated the act. They repeated it again before the 
Chicago train. 

This was too much for a colored porter who had been 
watching. He stepped up to the gob. “Boss,” he said, 
“why don’t you go downstairs and try the Long Island 
Station? Dem local trains am a-leaving mos’ all de time!” 
—Everybody’s. 


Fare, Please! 


17 


“Fare, please! Fare 

The passenger gave no heed. 

“Fare, please!” 

Still the passenger was oblivious. 

“By the ejaculatory term ‘Fare,’” said the conductor. 
“T imply no reference to the state of the weather, the com- 
plexion of the admirable blond you observe in the con- 
tiguous seat nor even to the quality of the service vouch- 
safed by this philanthropic corporation. I merely allude 
in a manner perhaps lacking in delicacy but not in con- 
ciseness to the monetary obligation Set up by your pres- 
ence in this car and suggest that you liquidate.” 

At this point the passenger emerged from his trance.— 
London Tit-Bits. 


Upper and Lower 


“Let me have sleeping accommodations on the train to 
Ottawa,” I said to the man at the window, who didn’t 
seem at ail concerned whether I took the trip or stayed 
at home. 

“For a single passenger?” he finally said. 

“No,” I replied, “I’m married but I’m not taking any- 
body with me. A single shelf will answer.”. 

“Upper or lower ?” he asked. 

“What’s the difference?” I inquired. 

“A difference of fifty cents,” came the answer. 

“Our prices to Ottawa are $1.50 and $2.00.” 

“You understand of course,” exclaimed the agent, “the 
lower is higher than the upper. The higher price is for 
the lower berth. If you want it lower you'll have to go 
higher. We sell the upper lower than the lower. It didn’t 
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used to be so, but we found everybody wanted the lower. 
In other words the higher the fewer.” 

“Why do they all prefer the lower ?” I broke in. 

“On accounts of'its convenience,” he replied. “Most per- 
sons don’t like the upper, although it’s lower, on account 
of it being higher, and because when you occupy an upper 
you have to get up to go to bed, and then get down when 
you get up. I would advise you to take the lower, al- 
though it’s higher than the upper, for the reason I have 
stated, that the wpper is lower than the lower because it is 
higher; You can have the lower if you pay higher; but 
if you are willing to go higher it will be lower.”—Set 
Square, Toronto. 


The Man Who Fancied 


There was a man who fancied 
By driving good and fast, 

He would get his car across the track 
Before the train came past. 

He would miss the engine by an inch, 
He would make the train crew sore. 

There was a man who fancied this; 
He isn’t any more. 


There was a wise old switchman, 
Expert at coupling cars, 

He used his feet to push in place 
The-knuckles and draw bars. 

He did this for many years, 
He thought it was great fun. 

He had two feet to push them with; 
He now has only one. 


Bill Jones on the repair track, 
He fancied he could do, 

A little work beneath the car 
Without his flag of blue. 

Well, yes, he did it many times, 
In spite of rule or warning, 

One day the engine hit the car; 
Bill’s wife is now in mourning, 


Jim was a nimble kid, 
He lived nearby the track ; 
He jumped each train as they went up 
And off as they came back. 
You couldn’t warn Jim, 
Jim’ knew best. 
He was in no danger, 
His tombstone reads, “At Rest.” 


Between the rails of the double track, 
Mike smoked his pipe of clay, 
As 37 with red ball freight 
Sped noisily on its way. 
It would take four steps to clear the track, 
Those steps Mike did not take, 
Number four approached unheard, 
Result,—an Irish wake.—Santa Fe Magazine. 


Culture is not sufficiently herculean in strength to de- 
velop despite prejudices, but because of them is circum- 
scribed, limited, and sometimes squelched beyond recogni- 
tion. 
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It's Up to You 


If you want to work in the kind of shop 

Like the kind of shop you'd like, 

You needn't slip your clothes in a grip 

And start on a long, long hike. 

You'll only find what you’ve left behind, 

For there’s nothing that’s really new, 

It’s a knock at yourself when you knock your shop, 
It isn’t your shop, it’s you. —Reo Spirit. 


Study Men 


Some men have within them that which always spurs 
them on while some need artificial initiative, outside en- 
couragement. 

Some men exert themselves under stern discipline; 
some respond only to a gentle rein. 

Some men need driving; some coaxing. Some need 
the spur; some the sugar lump. 

Some men do their best with work piled shoulder high; 
some men must have it given them a piece at a time. 

Some men thrive on discouragement; some cannot 
work without cheerfulness. 

Study men—the men over you, under you, around you. 

Study them and learn how to get from each the best 
that is in him.—The Chair Man. : 


AA 


THE QUESTION CORINER 
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The question of resistance in parallel circuits is one 
which generally interests electricians able to grasp the 
fundamental principles involved. Not all problems of 
this nature are simple and occasionally one comes up that 
taxes us to the utmost to arrive at a solution. The ae- 
companying diagram presents a problem involving par- 
allel circuits which calls for more than an ordinary amount 
of thought. 

Each edge of the cube shown is composed of a piece of 
wire having a resistance of 1 ohm. The problem con- 


If cach line in the cube represents a wire with a resistance of 1 
ohm, what will be the resistance between O and R. 


sists of finding the joint resistance of the several paths, 
between any two diagonally opposite points of the wire 
cube, as between O and P. The solution is not the most 
difficult thing in the world but in fairness it must be said 
there are problems in parallel resistance that are simpler. 
Anyone who thinks he can find the correct answer to this: 
question should send in his solution. It may be there 
are more ways of solving the problem than one, Next 
month we will publish the correct solution, but don't 
wait till then; send in your answer now. , 


A Two-Pole Circuit Breaker 


A new type of circuit breaker having two individually 
operated contact arms is being marketed under the trade 
name of U-Re-Lite by the Cutter Company, Philadelphia, 
Pa. The unique feature of the U-Re-Lite is the two 


Circuit Breaker Enclosed Showing Resetting and Hand Tripping 
Devices 


single pole I-T-E circuit breakers which are so designed 
that after one pole is closed it is free to respond and 


instantly opens the circuit should the other one be closed - 


against an overload or short circuit. After the circuit is 


Interior View Showing the Two Separate I-T-E Breakers 


Stablished, when actuated by overload or when tripped 
’y hand, both sides of the circuit are opened simulta- 
cously. Each pole is closed by a slight turn of the 
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handle which is seen projecting above and below the trip- 
ping knob. Both poles of the breaker can be quickly 
reset by simply turning the handle first to the left and 
then to the right. 

The box is made of steel plate of ample strength and 
rigidity. The exterior is finished in black enamel baked 
on, and the interior is so insulated that any possible arc- 
ing is rendered harmless, and the coming into contact 
with live parts prevented. 

The circuit breaker is made in Capacities. of 2. 5.10.15, 
20, 30, 45 and 60 amperes, and is adjustable 33 1/3 per- 
cent below to 50 per cent above its ampere rating as. 
shown on the name dial plate. 


Portable Air Compressors 


It is often desirable to have a supply of compressed 
air at outlying points to which it is not economical to 
extend the yard or shop air lines. The Ingersoll-Rand 
Company, New York, has designed a compressor to meet 
these requirements, known as The Imperial Portable 


Motor-Driven Portable Air Compressor 


Compressor. For places where electric power is avail- 
able, the compressor is equipped for motor operation. 
The unit is of 118 cu. ft. capacity and weighs approxi- 
mately 4,450 Ib., depending upon the weight of the motor. 
For places where electric power is not available, the 
equipment is supplied with gasoleue power. For gaso- 
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lene power, these units are driven by tractor type gaso- 
lene motors and are built in three sizes, with capacities 
of 45, 118 and 210 cu. ft. per minute. Both the motor 
and gasolene units are of all-steel construction. Light 
steel doors, easily removed, and a sheet steel canopy com- 
pletely house the entire unit, protecting it from the 
weather and preventing undue deterioration from rust. 

Either an alternating or direct current motor can be 
furnished and a suitable intake unloader is provided, as- 
suring efficient regulation. In any case, the motor con- 
trol is in accordance with standard practice and specifi- 
cations covering the type of motor used. Additional 
equipment includes an air receiver, safety valve, drain 
valve, pressure gage and service valves, to which air hose 
lines may be connected. 


New Auto-Transformer Starter 


The engineering department of The Cutler-Ham- 
mer Mfg. Co. of Milwaukee has devised an auto- 
transformer starter of unusually rigid construction 
to meet the severe requirements of the large indus- 
trial plant and mine, as well as that of the small mill 
and factory. The simple steel ‘construction—using 
no wood or castings whatsoever—the absence of flex- 
ible moving leads, and the ease of inspection of the 
contacts and adjustments of the relays, enable this 
starter to give continuous and satisfactory service at 
a low upkeep cost. This starter, which is shown in 
the illustrations, consists of two auto-transformers, 
commutating mechanism, low voltage release and 
duplex overload relay, all enclosed in a sheet metal 


Under View of Starter Showing Finger Construction and 
Arrangement 


case with the operating lever outside. The case is 
strongly reinforced with angle iron, and has a hinged 
cover which can be lifted to expose the transformers 
and relay. The transformers and case are carried 
directly on the supporting brackets and may be 
readily mounted on the wall, switchboard, or any post 
or pedestal. 

The starter is operated by moving the operating 
lever forward to the starting position and then back- 
ward to the running position, where it is held in place 
by the low-voltage mechanism. Interlocks prevent 
moving the lever directly to the running position. If 
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released in the first or starting position, the lever j 
returned to neutral by a spring. Locked in the neutra 
position it prevents unauthorized operation. 

Two auto-transformers connected in open delta ar 
used for both two and three phase service. “Bi 
special construction of the transformer core allow 
either coil to be easily and quickly replaced. LEacl 
coil is provided with three accessible taps which giy 
50, 65 and 80 per cent of full line voltage. 

The low-voltage mechanism is mounted inside th 
case on the right-hand side. A wire from the arma 


Interior View of Starter With Oil Tank Lowered and Cover 
Thrown Back | 


ture of the release coil extends through the case nea’ 
the operating handle and is bent to form a hook, i 
slight pull on which releases the starter and return 
the handle to neutral. Remote control of stoppit{ 
may be obtained by inserting one or more normall 
closed pushbutton switches in the low-voltage cir 
cuit. Any button releases the starter mechanism. 

A duplex overload relay with a true inverse tim! 
limit movement is mounted inside the case on thi 
transformer assembly in such a position that adjust 
ments for time and current values can be readil) 
made. ‘This duplex relay is equivalent to two overt 
load relays, each in series with one of two phases. Th 
Underwriters’ rules do not require the installation of 
disconnecting knife switch or circuit breaker ahead 0 
this starter when thus equipped, because the starte 
completely disconnects the motor from the suppl 
line when released by an overload. 

These starters are made in various sizes for thy 
operation of two or three phase induction motor 
rated between 5 and 100 hp. on standard commercia 
voltages between 110 and 2,200 and at frequencies 0 0 
60, 50, 40, 33 and 25 cycles per second. 


. 


| MUA 


General Ne 


—— eee 


The Cutler-Hammer Manufacturing Company, Mil- 
aukee, Wis., announces the opening of a St. Louis office 
the Railway Exchange building, in charge of Harold 
rillips, formerly of the engineering department of 
ricago and later office manager of the Chicago office. 


The General Electric Company, Schenectady, N. Y., 
is plans under way for the erection of a manufacturing 
ant on Elmwood avenue, Philadelphia. The building 
id necessary machinery will cost approximately $500,- 
). Switchboards and similar apparatus will be manu- 
ctured at this plant. 


H. A. Kuehle, who has been engaged in the sale of 
ywer apparatus for the Western Electric Company, has 
‘en placed in charge of railroad sales in the Cleveland 
fice. Mr. Kuehle graduated from the Case School of 
pplied Science in 1904 and has been with the Western 
lectric Company since 1914. 


Harry L. Oviatt has been appointed traveling rep- 
sentative of the Armstrong Manufacturing Co. of 
ridgeport, Conn., manufacturers of pipe threading tools 
id taps. Mr. Oviatt has been with the Bullard Machine 
ool Co. for the past thirteen years and for the past 
ree years has been connected with the advertising 
~partment. 


The Spanish Northern is asking for bids, through 
e Spanigsh government, for materials to electrify a por- 
on of-its line, according to cable advices from Com- 
ercial Attache Cunningham at Madrid. Bids will be 
yened also on April 22 covering the construction of a 
eam railway from Soria to Castejon. It is also said 
at the government will soon be in the market for more 
irs and locomotives. 


: . 
The Hazard Manufacturing Company, manufactur- 


s of wire rope and electrical wires and _ cables, 
1) February 1 opened a new sales office and ware- 
muse at 1701-1703 First Avenue, Birmingham, Ala- 
uma, in charge of R. J. Bravand, district manager. Mr. 
ravand’s connection with the Hazard Manufacturing 
ompany covers a period of twenty-two years, partly at 
ie plant and partly in the field. Of recent years he has 
sen service engineer, and in that capacity made an in- 
nsive study of wire rope uses, particularly as applied 
‘mine hoisting and haulage. A full stock of wire rope 
id rubber insulated wire will be carried in the new 
irmingham warehouse. 


‘The New York Central has notified its “unskilled” 
orkmen—freighthouse men, platform, storehouse men, 
eight handlers, trackmen, track walkers, car laborers, 
hpitmen, etc., to send representatives to a conference 
ith officers of the company to be held in New York City 
1 March 8, when revisions of wages will be proposed, to 
) into effect on April 1. It is understood that about 
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30,000 employes of the New York Central are affected 
by this notice. Many of them have no organization, 
and, apparently, committees will have to be chosen this 
week. Any properly accredited representative of 100 or 
more men of any craft, whether connected or not con- 
nected with a brotherhood, will have a standing in the 
conference. The other roads in the New York Central 
system have as yet taken no action in this direction. The 
Jarge majority of unskilled laborers are now receiving 
about 48.5 cents an hour, which is higher than the pre-- 
vailing rate in most cities on the lines of the New York 
Central. 


Chile to Use Water Power 


Vast natural water power resources in the central prov- 
inces of Chile are to be put to use to generate electricity 
for Santiago, Valparaiso and neighboring cities and 
towns. A company, capitalized at $3,250,000, has been 
formed for the purpose, and work already has been 
started on a hydro-electric plant on the Colorado River, 
near Santiago, where it is expected 18,000 horsepower 
can be developed. The project is backed largely by 
Chilean capital. 

Basis for the promotion of the company was the need 
of more power by both the Valparaiso and Santiago 
street railways, and by mining and industrial enterprises. 
Until recently no water power concessions in Chile were 
granted by the President of the republic for more than 
thirty-five years, but the latest concessions are said to be 
perpetual. 


Western Electric Employees Start Building and Loan 
Association 


Employees of the Western Electric Company at its 
big plant near Chicago have evolved their own scheme 
of solving the rent question. The Hawthorne Club, the 
plant employees’ organization, which has over 25,000 of 
the factory personnel on its membership lists, has devel- 
oped two plans. One offers a means of lowering the 
costs per person desiring to build; the other is a financing 
system on the building and loan idea. 

The State of Ilinois has just granted a charter to the 
Hawthorne Club Savings, Building and Loan Association 
for a period of ninety-nine years. 

The new association is issuing three classes of stock to 
its members. Its Class A stock, which has a maturity value 
of $100 per share, is paid for at the rate of 25 cents a week 
per share. At the average profit of a building loan organi- 
zation the A securities will be paid for in 328 weeks or a 
little more than six years. The subscribers who are 
anxious to build can obtain a loan representing the entire 
maturity value of the stock to which they have subscribed, 
immediately after their application for the stock is ac- 
cepted. It has been figured that they will pay only a trifle 
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over 3 per cent a year on their debt instead of the legal 
6 per cent. They will save all the mortgage renewal fees, 
and many of the legal fees that weigh down the average 
homebuilder. They are saved from the danger of falling 
into the hands of financial sharpers. 

The Class B stock is similar to Class A except that it is 
paid at the rate of 12% cents a week. It matures in 
about eleven and a half years. 

The Class C stock is issued on payment of $75 per 
share. It participates in the association’s profits. As 
soon as the profits reach $25 a share the stock can be 
cashed at its maturity value of $100. 

The Hawthorne association operates under a serial 
plan. Members are admitted only on the first Thursday 
in March, June, September or December. 

A board of employee directors passes on all loans be- 
fore they are granted. There are nine members. The 
average term of service with the Western Electric Com- 
pany of the men on this board exceeds 18% years. Some 
of them are experts in appraising Chicago property. 

Although just getting under way the Hawthorne As- 
sociation has about all the business it can handle comfort- 
ably, 534 subscribers having taken a total of 6,812 shares 
in the two series which have been issued. The board of 
directors is now acting upon applications for loans total- 
ing approximately $50,000. 


Niagara Power Plant Granted 50-Year Lease 


The Niagara Falls Power Company was granted a 
fifty-year license recently by the Federal Power Commis- 
sion to use 19,500 cubic feet of water a second from 
the Niagara River above Niagara Falls. The limit set 
by the Canadian-American treaty is 20,000 feet. 

The company at present is using practically 20,000 feet 
under a consolidation of power companies, effected as a 
war measure. 

Under the permit the company must hasten extensive 
improvements and enlargements of its plants, and must 
extend a new transmission line across Grand Island to 
Buffalo and another to supply power to the Niagara, 
Lockport and Ontario Company, now purchasing its 
power from Canada under one-year contracts. 

The additions required by the permit will increase the 
plant’s output from 300,000 to 400,000 horsepower. 


Electrification in South Africa 


The South African Railways are advertising in the 
United States for bids for materials to be used in the 
electrification of their lines between Capetown and 
Simonstown and between Durban and Pietermaritzburg. 
The following materials will be needed for the Capetown 
project: Motor coaches and underframes, motor bogies, 
electrical equipment for coaches, substation equipment 
and power station transformers, boilers and boiler house 
equipment, turbo-alternators and condensing plant. For 
the work at Durban the following materials are desired: 
Electric passenger and freight locomotives, electric 
‘switching locomotives, substation equipment, boilers and 
‘boiler house equipment, turbo-alternators, condensing 
plant and transformers for substations and power 
stations. It is understood that the Capetown project is 
a multiple unit proposition and the one at Durban prima- 
rily to secure cheaper operation on heavy grades. 

Specifications can be obtained from the High Commis- 
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sioner for the Union of South Africa, 32 Victoria street, 
S. W. 1, London, England. The charge for these is £5 
Ss. for the first copy and £2 2s. for additional copies, | 
Sums expended for these specification up to three will 
be refunded upon receipt of bona-fide bids. Bids will be 
received by the High Commissioner at London up to May 
3. It is understood that the total cost of the work will 
exceed $20,000,000. 


A. R. E. A. Program 


The program for the twenty-second .annual convention 
of the American Railway Engineering Association, which 
will be held in the Congress Hotel, Chicago, on March 
15-17, is as follows: 


Tuespay, Marcu 15 


President’s address. 
Reports of secretary and treasurer. 
Reports of committees on: 
Signals and Interlocking. 
Ballast. 
Stresses in Railroad Track. 
Electricity. 
Track. 
Rail. 
Standardization. 
Uniform General Contract Forms. 


WEDNEspDAY, Marcu 16 
Signs, Fences and Crossings. 


ies: 
Iron and Steel- Structures. 
Water Service. 
Economics of Railway Labor. 
Economics of Railway Operation. 
Economics of Railway Location. 
Shops and Locomotive Terminals. 
Buildings. 

Annual dinner at 6.30 p. m. 


TuHurspay, Marcu 17 


Masonry. 

Roadway. 

Wood Preservation, 

Wooden Bridges and Trestles. 

Yards and Terminals. 

Rules and Organization. 

Records and Accounts. 
Conservation of Natural Resources. 
New Business. 
Election and installation of officers. 
Adjournment. 

Speakers at the annual dinner at the Congress Hotel — 
will include John F. Wallace, consulting engineer, New 
York, and David Kinley, president, University of Illinois, 
Urbana. 


Mail Across Continent in 33 Hours 


Postoffice department airplanes carried 300 Ib. of mail 
from San Francisco to New York, about 2,700 miles, on : 
February 22 and 23, in 33 hours 20 minutes, less than 
half the best time previously made, this being accom- 
plished by keeping up the flying all night. The time 
actually on the wing was 25 hours 53 minutes. The 
record as given in press despatches is as follows: 


March, 1921 


SPECIAL AIRFLANE MAIL TRIP, FEBRUARY 22 AND 23 


Pac. time E. time Pilot 

San Francisco, left Tuesday......... 4.30 a.m. 7.3 0V ath: ae neice hacer 
eee sitsincin Geecredo es Thists Saeas, | Taree dake 

CCM CN aicaaitieais cata Cvcceence | | wag omens 

MEETERCMEE feta nis, oN 01 che clases weiss o brelese ays 5.10 a.m 8.10 p.m Knight. 
MERE EO Meare ioc Pi ride sierseois eo alacheitle sais-aordeael s .. edie auleae 

Ee ener GP ars Se elec ca ee ete ele aelere.e 

IT RMME Sects freer sie tito, wie e es Aisieevenh |S °Sa0 8S alée | awlle wie vias 

Chicago, arrived Wednesday......... 6.40 a.m 9.40 a.m, Webster. 
MPMI E a5 oe Gs. sti ons: oceienerel e's a6 oe 7.00 a.m 10.00 a.m 

MMPIDI ONT IE VER Coke otic gee sco ies tae 10.52 a.m 1.52 p.m 

MEI LOT Goya ars ania. 6 ois 076 (6 016, 0% 0 obo 11.03 a.m 2.03 p.m, Allison. 
TMS re eleinisiecrstane solo e tel cislse ee a) OG ws ba tee 

eats Si SR ee en 1.50 p.m. 4.50 p.m, 


The landings for fuel and refreshment at North Platte, 
Omaha and Iowa City, were made by the aid of flares 
marking the boundaries of the landing fields. Knight, 
the night flyer, steered his course of about 1,000 miles by 
compass. With the route from Omaha to Chicago, 
about 500 miles, he was wholly unacquainted. 

These successful flyers were not the only ones who 
made the experiment on that day; westbound as well as 
eastbound trials were made; and one of the eastbound 
flyers, Capt. W. E. Lewis, was killed at Elko, Nevada. 


Personals 


E. E. Hudson, vice-president and general manager of 
the Waterbury Battery Company, Waterbury, Conn., has 
been elected president of the company to succeed Charles 
B. Schoenmehl, de- 
ceased, and Francis 
T.- Reeves has been 
elected treasurer. Mr. 
Hudson for the past 
22 years, with the ex- 
ception of a little over 
a year’s time, has been 
in the sales and man- 
agerial departments 
of concerns manufac- 
turing primary bat- 
teries and has been 
identified with the in- 
stallation of the pri- 
mary battery. In 
July, 1898, he served 
as chief clerk in the 
primary battery sales 
department of the Edison Manufacturing Company, re- 
maining in that position until June, 1902. Shortly after- 
ward, he served as an accountant in the controller’s de- 
partment of the United States Steel Company. In De- 
cember, 1903, he became: secretary and treasurer of the 
Battery Supplies Company, Newark, N. J., and in 1905 
Was appointed sales manager of that company. When 
the Edison Company absorbed the Battery Supplies Com- 
pany, in 1908, he was appointed assistant manager of sales 
in the primary battery department. He became sales 
manager of that department in February, 1909, and in 
September, 1913, was elected also vice-president. In Oc- 
tober, 1914, in addition to these duties, he was given 
charge of the manufacturing, as well as the sales, and in 
March, 1915, was made division manager in general 
charge of the entire primary battery business of Thomas 


E. E. Hudson 


A. Edison, Inc. In 1914 he was chairman of the Railway | 


Telephone & Telegraph Appliance Association, and in 
1916 he was chairman of the Signal Appliance Associa- 
tion, previously having been a director. He also served 
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for seven years as a director of the National Appliance 
Association, which is to the American Railway Engineer- 
ing Association what the Signal Appliance Association is 
to the Railway Signal Association. On January 1, 1917, 
he was elected vice-president and general manager of the 
Waterbury Battery Company, and now becomes president 
of the same company. 


Hugh Pattison has resigned from the heavy traction 
department of the Westinghouse Electric & Manufactur- 
ing Company, where he was engaged in making special 
engineering studies under the direction of F. H. Shepard, 
to accept a position with the Illinois Central Railway in 
connection with the electrification of that road. During 
his career as an electrical engineer, Mr. Pattison has been 
associated with some of the largest electrification projects. 
He was graduated from the Johns Hopkins University, 
electrical “engineering course, m 1892. The first work 
that he did upon leaving college was the wiring and in- 
stallation of electrical apparatus on naval vessels at the 
Navy Yard in Norfolk, Va. At this place he held the 
position of foreman. He became assistant engineer with 
Sprague, Duncan & Hutchinson, consulting engineers of 
Baltimore, in 1893. Shortly afterward he became asso- 
ciated as engineering assistant with Frank J. Sprague, 
vice-president and technical director of the Sprague 
Electric Company in New York. This association con- 
tinued until 1903, during which time Mr. Pattison as- 
sisted in equipping and operating multiple unit control 
on the Boston Elevated and Brooklyn ‘railroads. In 1905, 
Mr. Pattison joined the Westinghouse, Church, Kerr 
Company as an engineer, and from that time until 1911, 
during the electrification of the Pennsylvania tunnel into 
New York, Mr. Pattison was assistant engineer of elec- 
tric traction for George Gibbs, consulting engineer. A 
little later he had charge of the electrification of the West 
Jersey & Seashore Railroad, from Camden to Atlantic 
City. An experimental single phase electric railway on 
the Long Island Railroad was also built by him and 
numerous locomotive tests on the West Jersey & Sea- 
shore Railroad were carried out under his supervision. 
Mr. Pattison was appointed engineer in charge of the 
Chicago Association of Commerce Committee in the 
study of smoke abatement and the electrification of ter- 
minal railroads in Chicago in 1911. The experience 
gained in connection with this latter position will doubt- 
less be of value to Mr. Pattison in the position which he 
now goes to fill. 


George J. Kirkgasser, who has been in charge of 
sales promotion work, advertising and publicity for 
the Cutler-Hammer Manufacturing Company, Milwau- 
kee, since 1914, has recently resigned and established 
an office in Chicago under the name of George J. Kirk- 
gasser & Company. This organization will furnish a 
service to industrial and engineering concerns in ad- 
vertising, merchandising and the development of co- 
operation between works departments, selling 
departments, outside offices and distributers. Mr. 
Kirkgasser was graduated in electrical engineering 
from Syracuse University in 1907 and for three years 
following this was engaged in engineering work. In 
1910 he became identified with the Cutler-Hammer 
Manufacturing Company as assistant advertising man- 
ager and technical writer, a position he held until he 
was made advertising manager in 1914. Mr. Kirk- 
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gasser has contributed many engineering articles to 
the technical press and is the author of “Electric Light 
and Motor Wiring,” “Electric Control Engineering” 
and “Motors and Motor Control.” 


Obituary 


Charles B. Schoenmehl, president and treasurer of the 
Waterbury Battery Company, Waterbury, Conn., died on 
February 14, at his home in Waterbury. Mr. Schoen- 
mehl was born in 
New York> City~ in 
November, 1858. At 
the age of 15 he en- 
tered the employ of 
the Benedict & Burn- 
ham Company and 
afterward went to the 
Waterbury Brass 
Company in the tube 
rolling department. 
During his employ- 
ment with the latter 
company he first took 
up the study of elec- 
tro-chemistry. 

He commenced ex- 
perimenting with elec- 
tric batteries in the 
early eighties; his first attempt to market a battery 
was about 1884, while in the employ of the Waterbury 
Brass Company, when he made and sold to physicians in 
and about Waterbury batteries for use with medical coils. 
These batteries were made by him at night after his day’s 
work in the brass company. In 1886, he developed a 
new type of open circuit cells, and about this time ne 
began taking out patents covering batteries in general. 
The first type of battery marketed under a trade name 
was the Victor cell. 

In 1896, the Excelsior cell was placed on the market, 
this was of the cylindrical type and was based upon 
patents which were kept more or less active by additional 
combination and improvement patents. Up to 1896, he 
did all the work of manufacturing and selling his battery 
product himself, still producing at night such batteries as 
were sold, and retaining his employment in the Waterbury 
Brass Company. 

The Waterbury Battery Company was organized in 
1898 with a few hundred dollars Mr. Schoenmehl had 
borrowed to start operations. Subsequently he secured 
additional finances from a friend but this was all repaid 
later from the profits of the company’s business. The 
company started operation with one employee, and its 
manufacturing plant consisted of a small building 20 ft. 
by 30 ft: 

The first product of the company was the Excelsior bat- 
tery. In 1904, a new compressed cylinder type of copper 
oxide cell was presented to the trade under the trade name 
ef Schoenmehl’s primary battery. This type, in modified 
form, is still being sold in large quantities, and the present 
Unit cylinder type of cell now being featured by the com- 
pany is the further development of this original cylinder 
type. In 1906, the company placed upon the market a 
plate type of battery. This type, with certain modifica- 
tions, also a high internal resistance or track circuit type 
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of primary battery produced in 1912, are still being made, 

During 1912, Mr. Schoenmehl put out his multiple plate 
type element and the same year he acquired the business 
and plant of the Gordon Primary Battery Company. In 
the acquisition of this business, he obtained all the patents 
covering the Gordon battery to which he subsequently 
added combination and improvement patents. 

Mr. Schoenmehl was a prolific inventor. Since the 
organization of The Waterbury Battery Company he has 
invented and patented in the United States and Canada a 
great many improvements in primary batteries as well as 
other devices including patents covering the electro-de- 
position of metals, and he originated and devised the 
method of electro-deposition of copper now in use in 
some of the great mining centers of the West. Altogether’ 
Mr. Schoenmehl has taken out upward of 60 patents in 
the United States. 


Trade Publications 


Electro-Dyiiamic Company, Bayonne, N. J., is dise 
tributing its bulletin No. 220, illustrating and describing 
its Type B Form K polyphase induction motors. The 
motors have rotors of the squirrel cage type and are 
equipped with ball bearings. They are built in sizes from 
15 to 200 hp. 


“Achievement” is the opinion of a folder being dis- 
tributed by The J. G. White Engineering Corporation, 
43 Exchange Place, New York City. It gives informa- 
tion about and illustrations of power developments, 
hydro-electric developménts, transmission systems, and 
other important engineering projects in this and in 
foreign countries. 


Wagner Electric Manufacturing Company, St. Louis, 
Mo., is distributing its Bulletin 124 which describes and 
illustrates instrument transformers. The bulletin con- 
tains 12 pages, and is well illustrated with various types 
of transformers. Both photographs and dimension 
drawings are included, as well as connection diagrams. 


General Electric Company, Schenectady, N. Y., is 
distributing its Bulletin No. 49714 C describing and il 
lustrating static condensers designed for the purpose of 
overcoming the detrimental effect of a low power factor 
This type of condenser does not require an attendant 
for its operation. A number of curves, charts, diagrams 
of connections, drawings and tables on prices, dimensions, 
losses and weights in the case of condensers, circuit 
breakers and transformers are provided. The illustra- 
tions include photographs of actual installations. 


The Edison Lamp Works of the General Electric 
Company, Harrison, N. J., has issued 9, new and very 
comprehensive, bulletins on the general subject of 
lighting data. The following is a list of the titles and 
bulletin numbers: The Lighting. of Armories and 
Gymnasiums, L. D. 115; The Edison Mazda Lamp for 
Stereopticon Service, L. D. 116; Calculation of the 
Lighting Insulation, L. D. 117; The Incandescent 
Lamp—lIts History, L. D. 118; The Manufacture of 
the Edison Mazda Lamp, L. D. 119; The Lighting of 


Coal Mines, L. D. 120; Medical Lighting Including 


Hospitals and Dental Offices, L. D. 121; Commercial 
Photometry, L. D. 122; The Lighting of Shoe Facto- 
Tiésw la. Dela 
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The Railway Electrical Engmeer deals primarily with 
electric welding. As parts of some jobs are done 
with gas welding and parts with 
Standards electric, and as some jobs done 
in with gas might as well or bet- 
Electric Welding ter be done by the electric pro- 
- - cess, some gas welding subjects will 
be dealt with from time to time. Hisowhere in this issue 
appears specifications for metal electrodes and welding 
rods issued by the American Welding Society. These 
specifications include material for the welding of mild 
steel only, but cover both the metal electrodes for electric 
welding and rods for gas welding. One set of specifica- 
tions is incomplete without the other, as almost all roads 
use both the gas and electric processes, and if the speci- 
fications are to be used it is necessary to have both to 
avoid a certain amount of duplication. Other specifica- 
tions to be issued at some time in the near future will deal 
with the welding of high carbon steel and with non-ferrous 
metals, respectively. 
These specifications are published at this time, as they 
have not as yet received the distribution in the railroad 
field warranted by so good a piece of work. There is as 
yet very little which has been adopted as standard in the 
welding field. For this very reason the results obtained 
on certain classes of work vary from zero to 100 per cent. 
In some localities the welding of certain parts is con- 
demned as impracticable, while the same work in other 
localities is everyday practice. Welding is extremely 
valuable in the railroad field and anything which will tend 
toward standardization, or the wider application of the 


work, will increase this value. 


The work of electrification is about to begin on two sec- 
tions of the South African Railway. These sections are 
the Cape Town-Simonstown Subur- 


Electrification, ban line, 22 miles long, and the Dur- 
Foreign and ban-Pietermaritzburg section of the 
Domestic Natal main line, 70 miles long. The 
electrification of the Storia 


line was decided upon because of the heavy passenger 
traffic entirely, but the Durban-Pietermaritzburg section 
presented many difficulties because of steep grades, heavy 
freight traffic and tunnels. In this respect the problem 
is similar to that of the Chicago, Milwaukee & St. Paul, 
and when this section is completed it is expected that more 
of the main line will be electrified. 

Another progress report was recently issued by the 
French Commission in the United States which tells of 
electrification progress in France. The Midi Company al- 
teady has 90 miles of electrified line, and the work of elec- 


trifying an additional 1,800 miles is in actual progress. In 
addition to this, the Orleans and the Paris, Lyons & Medi- 
terranean will each electrify 1,800 miles of their lines. It 
is estimated that the saving in coal resulting from this 
electrification will more than pay the interest on the neces- 
sary loans. The reconstruction of the destroyed lines 
alone presented to French railways a problem of stagger- 
ing proportions. The way they have solved it and are 
now undertaking to carry out other plans comparable in 
size and importance to the reconstruction of the destroyed 
lines, merits the admiration of everyone. Other foreign 
countries are finding it absolutely necessary to adopt 
electrification. 

The time is gradually approaching in this country when 
certain sections of railroads must be electrified. It is to 
be hoped that the roads here will not be forced to defer 
electrification because of lack of capital for major im- 
provements, but will soon be in a position to anticipate 
future needs. As compared with foreign countries, it will 
probably be advisable to electrify comparatively few sec- 
tions immediately and the best of engineering skill and 
judgment will be required to select the sections in which 
it will be most advantageous. An article on the funda- 
mentals of rational electrification will be published in the 
next issue of the Railway Electrical Engineer, which will 
undoubtedly be of interest and assistance to all those in- 
terested in the problem. 


In the last issue of the Railway Electrical Engineer 
we called attention to the beginning of a new department 


known as the “Interchange,” a por- 

The tion of which, designated as the 
Question “Question Corner,” was inaugurated 
Corner solely for the purpose of answering, 


so far as possible, those questions 
which most perplex the practical man in the field. For 
a beginning an abstract problem was given and we have 
been more than pleased with the answers received. It is 
not our intention to confine the subjects of the “Question 
Corner” to abstract problems, however, as may be seen 
from the questions which appear this month for answer 
in May. In fact, it-is hoped that the majority of the 
questions will be of a sound, practical nature which will 
be most helpful to the electrical men in general. We 
want our readers to derive the greatest benefit from this 
department. Do not hesitate to send to the editor any 
questions which may be puzzling you. All questions will 
be treated confidentially and answered first by mail. In 
order that all may profit, the questions and answers will 
be afterwards published but without the writer’s name. 

Is there not something you would like to know? 
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The Daylight Saving Season is again at hand and with it 
comes the same jumble of time that was such a nuisance 
last year. As has been the case from 
the beginning the advocates of the 
plan are found almost exclusively 
in the city while the rural population 
opposes the practice as strongly as 
ever. As a state law New York has repealed the bill 
with the proviso that any city or town may adopt a local 
daylight saving measure of its own if it so desires. The 
result will be a repetition of the confusion between city and 
railroad time that was such an annoyance last summer. 

There are as many excellent arguments in favor of the 
daylight saving practice as there are against it, but it 1s 
questionable if the benefits derived can offset the nuisance 
incurred by juggling local clocks twice a year. Daylight 
saving has never meant but one thing and that does not 
necessarily demand that the clocks of a community be 
tampered with.- If any particular community cannot 
be induced to go to work an hour earlier without fooling 
itself by setting the town clock ahead then such com- 
munity ought to forfeit any benefits that accrue from the 
daylight saving plan. Why cannot any office or shop 
post a notice worded perhaps as follows: 

Beginning on April 25 and ending on September 24 the working hours 
of this office will be from 8 A. M, to 4. P. M. 

The effect to the employee is precisely the same as the 
result would be by setting the clock an hour ahead and all 
of the confusion of change in time is avoided. When 
daylight saving was a national measure confusion could 
not exist, but as a local matter in constant conflict with 
train schedules we say “let the clocks alone.” 


Why 
Set the 
Clock Ahead? 


It has been decided not to hold a semi-annual meeting 
of the association of Railway Electric Engineers this 


year. This is not at all surprising in view of the fact 

that the Railway Supply Manufactur- 

The ers’ Association will not hold their 

Semi-Annual exhibits. The semi-annual meeting 
Convention 


in the past has consisted of the pres- 
entation of progress reports and was overshadowed by 
the importance and value of the exhibits. 

There is also another factor which cannot help but 
have its influence. In the past both Section 3, Mechani- 
cal of the American Railway Association and the A. R. 
E. E., have discussed electrical subjects at the June con- 
ventions. This has resulted in a certain amount of dupli- 
cation and it has been notable that the discussions of 
papers presented before the A. R. A. have been ex- 
tremely brief, as if those interested in things electrical 
did not want to take the time of the others present. On 
the other hand, the members of the A. R. E. E. have 
taken most of the time with the discussion of detail as if 
afraid to take hold of many of the larger issues. Arrange- 
ments have been made for absorbing the A. R. E. E. in 
the A. R. A., but as yet no action has been taken. This 
movement will probably benefit both associations, but the 
delay and uncertainty does not make for action. When 
the A. R. E. E. has been taken in formally and arrange- 
ments for the handling of subjects have been threshed out, 
the electrical men should be in a better position than 
ever before to work out their own problems, but until 
then they will be working at a disadvantage. 
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New Books 


Electrical Pocket Book, 1921 Edition. Published by Emmott & Co., Ltd., 
65 King Street, Manchester, England, 377 pages, illustrated, 4 in. by 
6% in., bound in cloth, 
The Electrical Pocket Book, being an Englisn publica- 
tion, confines most of its material to the British practice 
of electrical engineering. In most respects it corresponds 
closely to similar electrical hand books published in the 
United States, the noticeable difference being in the refer- 
ences made to British standards and authorities. The 
number of subjects discussed is large but the treatment of 
each is necessarily brief. Numerous line drawings are in- 
cluded to illustrate and supplement the text and the usual 
tables for engineering calculations are included. A list of 
principal abbreviations, from the British viewpoint, are 
given and the final fifty-pages of the book are left blank 
to be used as a memorandum and diary for 1921. 


Proceedings, Association cf Railway Electrical Engineers, 1920, 6 in. by 9 
in., 186 pages of text, illustrated. Published by the Association of 
Railway Electrical Engineers, Chicago, Lil. 

The book contains the proceedings of the semi-annual 

convention of the A. R. E. E. held at Hotel Dennis, At- 

lantic City, N. J., June 14, 1920, and the proceedings of 
the twelfth annual convention held at the Auditorium 

Hotel, Chicago, Ill., October 18 to 22, 1920. ‘The subjects 

considered by the association are the electrical problems 

of steam.railroads. The particular subjects included in 
the 1920 proceedings are as follows: Report of Commit- 
tee on Illumination; Report of Committee on Electric 

Welding; Report of Committee on Locomotive Head- 

lights; Report of Commitee on Stationary Power 

Plants ; Report of Committee on Heavy Electric Traction; 

Report on Train Lighting Equipment and Practice; Re- 

port on Electric Repair Shop Facilities and Equipment ; 

and the Report of the Committee on Power Trucks -and 

Tractors. 


Connecting Induction Motors. By A. M. Dudley. Published by McGraw- 

Hill Book Company, Inc., 370 Seventh avenue, New York. 252 pages, 

6 by 9 in. Bound in cloth. " 
The book is a discussion of the practical application of 
a designing engineer’s experience to the problems of op- 
erating engineers, armature winders and repair men. The 
treatment covers the practical questions arising in wind- 
ing and connecting alternating current motors. It in- 
cludes 92 standard group and wave diagrams. The 
various sections of the book are as follows: What the 
Winding on an Induction Motor Accomplishes; The Ro- 
tating Magnetic Field; Types of Windings; Chorded 
Windings, or the Effect of Coil Throw on the Magnetic 
Field; Effect of Voltage on Windings and Possibility of 
Connecting a Winding for More Than One Voltage; 
How the Number of Phases Affects the Windings and 
the Result of Changing Voltage and Phase at the Same 
Time; How the Frequency Affects the Windings; The 
Number of Poles and the R. P. M. and the Possibility — 
of Varying Them with the Same Winding; Less Com- 
mon Connections Used for Unsymmetrical Conditions or 
in an Emergency; Reconnecting an Old Winding for 
New Conditions; Locating Faults in Induction Motor 
Windings ; How to Figure a New Winding for an Old 
Core; Standard Group Diagrams from Two to Fourteen 
Poles, and Wave Diagrams. 


Practical Welders Discuss Their Work 


American Welding Society Men Explain in Detail How 
They Make Various Types of Welds 


N March 15, the Metropolitan section of the Ameri- 
@ can Welding Society held its regular monthly 
meeting at the Engineering Societies building in 
New York City. The program for the evening was some- 
thing of a departure from the usual type inasmuch as 
it did not consist of a single prepared paper by a single 
speaker but was made up chiefly of brief talks by practi- 
cal welders who explained in detail just how they ac- 
complished the various results in their several shops. 
The first speakers of the evening were two men em- 
ployed by the Electric Arc Cutting & Welding Co. of 


Wooden Pattern Exactly the Same Sizs as Broken Out Portion of 
Cylinder. Repairs Were Made by Using the Casting Made From 
This Pattern 


Newark, N. J. They were G. Maubourene and H. 
Clark. These men described the method which they 
used in welding the spoke of a cast iron fly wheel which 
had broken in service. The fly wheel in question formed 
a part of the operating equipment of a plant which was 
run seven days a week and for this reason it was desired 
to expedite the repairs as rapidly as possible. These 
two men worked on opposite sides of the broken spoke 
using two arcs in series. 

The second speaker was Paul Wittig, employed at the 
Kingsland Shops of the Delaware, Lackawanna & West- 
ern. Mr. Wittig explained the manner in which a broken 
engine cylinder had been recently repaired. Lantern 
slides were shown to illustrate the various steps in the 


repair of this cylinder and a number of features developed 
which differed somewhat from the practices used on the 
other roads. The parts broken from the cylinder had 
been so completely destroyed that it was necessary to 
recast an entirely new portion and a wooden pattern was 
made which conformed exactly to the size of the broken 
off part. The new cast section made from this pattern 
was then studded with a large number of small steel 
studs as was also the unbroken portion of the cylinder. 
The question of placing studs in cast iron for the pur- 
pose of welding is not new but the type of studs used in 
the Kingsland shops of the Lackawanna differs in some 
respects from those used on other roads. The stud it- 
self is somewhat smaller and their practice is, at that 
point, to use a great many of these studs. A portion of 
the stud is threaded and screwed into the tap hole in the 
cast iron in the usual manner. About a half inch above 
the end of the threads on the stud, a deep recess is cut 
so that the stud is materially weakened at this point. 
In applying the stud, a wrench is used on the end and 
as soon as the thread has been turned as far as possible 
into the tapped hole, further effort applied to the wrench 
causes the stud to break off at this weakened point, which 
it is designed to do. This breaking off feature gives a 
very clean bright surface and one which may be readily 
welded to without the additional trouble of carefully 
cleaning. 

John Marr, also an electric welder at the Kingsland 
shops, gave a brief description of the method he used in 
welding fire boxes. 

The subject of oxy-acetylene welding was taken up 
and discussed at considerable length by Fred E. Rogers 
of the Davis-Bournonville Co. of Jersey City, N. J. Mr. 
Rogers described the application of gas welding to the 
construction of refrigerating apparatus and _ illustrated 
his talk with a large number of lantern slides. 

Charles L. Messer, formerly employed at the West 
Albany shops of the New York Central, described briefly 
the method used by that company in welding broken 
cylinders and other standard cast iron parts. The stud 
method used by the New York Central varies somewhat 
from that used by the Lackawanna in that the studs used 
on the former road are considerably larger and fewer 
in number than those used on the latter. Moreover, in- 
stead of breaking off the studs in the manner used on 
the Lackawanna, they are thoroughly cleaned before 
welding. 

The foregoing speakers gave extemporaneous talks, 
none of them having prepared any papers on the particu- 
lar subjects. 

Edward Eldridge, foreman of electric welders at the 
Elizabethport shops of the Central Railroad of New 
Jersey, also spoke extemporaneously with reference to 
the welding work that is being performed at the shops. 
Mr. Eldridge, however, had placed most of his ideas in 
a paper which he had brought along, but which his natu- 
ral ability as a speaker and his enthusiasm for his work 
did not permit him to read. The following paragraphs 
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are abstracted from the paper which Mr. Eldridge had 
prepared: 

In discussing the subject of electric and acetylene 
welding at the Elizabethport shops of the Central Rail- 
road of New Jersey, I may say that we have had won- 
derful success in both boiler and locomotive work. In 
the erecting shop we weld frames, cylinders and castings 
of all kinds, both with the electric arc and acetylene. 
We also weld superheater units. In the machine shop 
department we are welding cross heads, valves, driving 
wheels and building up worn parts that are too numer- 
ous to mention. The boiler department also comes in for 
its share and here we are welding whole fire boxes, %4 
fireboxes, ¥2 throat sheets, backheads, door-rings, patches, 
large cracks, flues and patches on tanks. 


Frame Welding 


When welding broken engine frames, the frame is 
trammed and leveled after which it is V'd out about 45 
degrees on both sides with the acetylene cutter. It is 
then chipped to remove all scale and burned material. 
The next step is to expand the frame about 1% of an 
inch in order to take care of contraction. To get this 
expansion we use a charcoal fire on the rail that is not 
broken, and as this expands, it will open the one in which 
the break is located. Two welders are then put on to 
weld, one on either side. When they . get. one layer 
welded on, they take an air hammer and bob it to get 
the scale and dirt off before starting another layer and 
continue in this way until the frame is welded flush. The 
welded joint in the frame is then re-enforced by use of 
Y¥g Inch or 34 inch round mild steel bars which are put 
across the weld and extend two inches on either side of 
it. These bars are spaced from 1 inch to 1% inches 


Partly Welded Cylinder Showing the Large Number of Studs Used 


apart and are welded in solid where possible. Bars placed 
in this manner greatly increase the tensile streneth of 
the frame at the welded joint. In welding single rail 
frames, the rail is expanded on the opposite end to get 
the expansion where the break is located. Afterward 
the weld is made in the same manner as in the case of 
the two rail frames. 


Cylinder Welding 


In welding engine cylinders that are cracked or 
broken we are doing it with both the electric arc and 
acetylene. When welding with acetylene, the crack or 
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broken cylinder is V’d out to a 45-degree angle and the 
opening left from 1% inch to 3/16 inch on bottom of the 
crack. A frame is then built around the cylinder which 
is heated to a cherry red heat with a charcoal fire before 
starting to weld. In using an alloy cast iron rod for 
filler, care must be taken not to chill the iron or it will 
be hard. After the weld has been completed and has. 
cooled, the furnace is taken away and the cylinders bored 
or trued up. 

In welding engine cylinders with electric metallic are, 
all cracks or broken parts are V’d out or beveled to a 
+5-degree angle and studs applied. Various size of studs 


Interior of Cylinder After the Weld Was Completed, But Before 
Being Bored Out. Two of the Studs Are Shown in the Lower Part 
of the Photograph - 


are used according to the thickness of the casting. Where 
the casting is one inch or over we use a 34 inch or a 
7 inch stud. These are placed about two .inches apart, 
using one row in the crack and two rows outside, one 
row being on either side of the crack. Wherever a new 
piece is set in to replace a piece broken out, we use forged 
steel, with studding applied only to the cast iron. In 
making the weld, a light layer is placed around each stud 
first. Then the layer is put on where the weld is going 
to be applied, after which you have steel to steel to weld. 
After the weld is finished, white lead is put on the inside 
of the cylinder to do away with leaks or pin holes which 
form next to the cast iron. When a joint comes in the 
weld, we braze “Tobin” bronze so as to leave a soft joint 
to machine. This bronze is brazed on with acetylene. 
If no acetylene is used, a small piece of copper is dove- 
tailed at the joint. 


Steel Casting and Other Pieces 


In welding broken or cracked iron, steel or cast steel 
castings, the casting must be V’d to about a 45 degree 
angle, and the crack extended through to a feather edge 
so that the weld will get all the way through. Care must 
be taken to get all grease and dirt off as this will get into 
the weld and weaken it. If a casting is warped out of 
shape, it will not spring if it is welded from both sides, 
a little welding being done on each side alternately until 
the weld is completed. 

Bars of steel for re-enforcing are always used as the 
grain runs across the weld in all directions. In welding 
superheater units we found the acetylene weld was better 
than the electric. Where the unit is cracked on the re- 
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turn end, the proper way is to cut off the end about one 
inch in order to get into good material. A cap made of 
Y% inch material is then welded on. By using a cap the 
weld will be on the side of the unit instead of on the end 
and the greatest heat will strike the cap, which is the 
thinnest part, and will stand this heat as the steam pass- 
ing through will keep it cooler. 


Machine Department 


In repairing crossheads where the flanges are worn 
down we are welding on a % inch strip. The strip is 
beveled on both sides of one edge on the planer, after 


Engine Frame V’d Out for Welding. 
Point “‘X’’ On the Lower Member the Ends of the Frame at the 
Break in the Upper Member are Caused to Separate Slightly On 
Account of Expansion 


By Applying Heat at the 


which it is taken and welded on both sides, bringing it 
back to its original size. The guides which are worn 
on the side are built up to the original size. By apply- 
ing strips 1 inch to 1% inches wide, beveled from both 
edges and welded to the sides of the guide, the 
guides are brought up above standard size, after which 
they are planed down to the proper dimensions. In 
building up worn castings which are to be machined down 
great care must be taken not to overlap the layers as this 
is the cause of black or hard spots in welding. 


Firebox Welding 


In welding complete fireboxes, we use a butt weld. 
The sheets are beveled on the inside and set in space 
on the mud-ring then tacked in the water space. All 
fireboxes are welded on the floor. Starting in the center 
of the flue sheet at the bottom, the weld is made up to 
the ear or lap. The firebox is then turned over and the 
welding continues from the center of the crown sheet 
to the mud-ring, giving % inch re-enforcing. After com- 
pleting the weld on this side, the box is again turned and 
with a round nose chisel, a groove about 3/16 inch deep 
is cut in the seam in order to get all the scale and dirt 
off. This groove is then re-enforced with 4% inch or 1 
inch layer of welding metal. On the flue sheet we put 
Y% inch by 3 inches round mild steel bars and weld around 
them. On the throat sheet five bars are used in the same 
way. The reason for putting on these bars is to stiffen 
the flue sheet when the flues are rolled. In welding half 
throat sheets and backheads, the sheets are beveled the 
same as the firebox side and welded before rivets are 
put into place, thus giving about 3/16 inch by % inch 
re-enforcing. 

In welding mud-ring corners we put a fillet weld on 
‘the inside through plug holes and re-enforce % by 1% 
inch by 12 inches on the outside. 
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In welding half fireboxes we use a staggered seam 
starting the cut back from the throat sheet two stay- 
bolts, then up one staybolt. The seam then goes back 
two staybolts, down one, back two and so on the length 
of the firebox. By staggering seams expansion and con- 
traction is scattered in all directions. 

In welding patches in fireboxes we use an oval patch 
so there will be no sharp corners. The patch has a 3/16 
inch radius so that there will not be any strain after the 
weld has been made. In applying the patch after the top 
and sides have been tacked on the weld is begun at one 
end of the patch and continued across the top. The ends 
of the patch are welded from the top down, first welding 
about three inches on one end and then the same amount 
on the other until the ends are completely welded. The 
patch welding 1s then completed by beginning at one end 
at the bottom and continuing to the other end, and re- 
enforcing about 3/16 inch. By welding this way the 
heat from the welding travels up into the patch and the 
contraction will straighten out the patch. 

In welding cracks in fireboxes where they are over 
four inches long, the crack is V’d out to a feather edge. 
The welding is begun three inches from the top and the 
weld continues to the top. Welding is then begun about 
three inches further down and continues upward as be- 
fore and so on until the crack is filled up. The next step 
is to take a welding hammer and bob up the welding 
material that has been applied and put on 3/16 inch re- 
enforcing. Cracks welded in this manner we have had 
hold for two or three years. 

In welding door-holes we weld some with the lap and 
some with butt weld. In welding a lap weld care must 
be taken to keep the sheets layed up tight at all times and 
a fillet weld is applied on the edge. Care must also be 
exercised to see that the weld is as thick as the sheet in 
all places. 

Flue Welding 


In welding flues in the firebox end, we put the flues 
in the same as before welding was practiced. The boiler 
is then filled with warm water so that it will not sweat, 
and with a roughing tool all dirt and scale was cleaned 
from the sheet. With an acetylene torch or blow pipe 
all grease and oil are burned from the flue and sheet. 


JETS ee ee ee ee 
Engine Frame Welded Showing the Reenforcing Bars Overlapping 
the Weld 


The work is begun at the top of the flue sheet and 
progresses across so that the smoke will get on the flues 
that are already welded and not on the ones to be welded. 
Always start to weld a flue at the bottom, welding up 
each side to the top. Care must be taken that there is 
no copper sticking out of the sheet as this will cause 
blow holes in the weld. In welding upright boilers roll 
and expand the flue and do not bead or use any copper 
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ferrules. Leave the flue about 3/16 inch from the sheet 


and weld the bead on. 
kK *K 


Mr. Eldrige’s remarks concluded the program for the 
evening with the discussion of a number of questions 
which were asked of him and also of the several other 
speakers. The response of a part of the welding opera- 
tors to tell of their personal experiences in making the 
various types of welds was most gratifying. About forty 
members of the New York section of the society were 
present and it was the general consensus of opinion that 
the meeting was one of the most successful that the 


society has ever held. 


Results of Steam Railroad Electrification* 
By C. C. Whittaker 


Railway Engineering Department, 
Westinghouse Electric & Manufacturing Co. 

TEAM RAILROADS are studying the problems of electrifi- 
“cation. Now and then some road, pressed a little 
harder than the others for increased road, tunnel or ter- 
minal capacity, or for lower operation costs, arrives at 
the solution which is the answer to its own particular re- 
quirements. That these solutions have been justified is 
evidenced by many statistical testimonials from these elec- 
trified roads. 

Studies on the substitution of the electric locomotive 
for steam motive power on various railroads have indi- 
cated that the resulting operating economies are sufficient, 
not only to carry the charges on the capital investment, but 
in addition that the flexibility of this type of power per- 
mits a greater volume of traffic to be handled over the 
existing trackage, and thereby obviates additional capital 
expenditures for increased trackage required with steam 
operation. 

Very often, where certain sections of a railroad have 
about reached their limit of tonnage with steam operation, 
it has been found that electrification would enable them 
to care for a 75 per cent increase in tonnage over the 
same trackage, and that the capital expenditure for elec- 
trification would be less than for the additional trackage 
and facilities to handle this same increase in business with 
steam motive power. 

Capital expenditure for electrification of terminals has 
been justified solely by the fact that electric operation af- 
forded the only means of enlarging the traffic facilities. 
One dead-end terminal in the center of one of our large 
cities handled a large number of suburban trains. The 
operation of steam motive power necessitated considera- 
ble switching movement in order to remove each arriving 
train and make it up for departure. Business had in- 
creased to that point where it was impossible to take care 
of the increasing traffic by the introduction of more trains. 
The physical location was such that it was impossible to 
increase the trackage facilities at any price. Electrifica- 
tion with the introduction of multiple unit car trains prac- 
tically eliminated switching and making up of trains, and 
automatically increased the capacity of this terminal by 
at least 50 per cent. The cost of electrification was $3,- 
000,000, and the increased earnings easily cared for the 
charges. 

Another of the principal electrifications on a heavy ton- 
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nage coal-carrying road was undertaken primarily to in- 
crease the facilities of their present trackage. This section 
amounting to about 30 route miles of grade and 100 miles 
of trackage was the limiting factor in their operation, as 
it represented the congested section of the system. The 
study of electric operation indicated that the tonnage ca- 
pacity of this trackage could be doubled with electric 
motive power, and that the saving on the difference in 
investment for electrification, and that necessary for addi- 
tion steam equipment, was a very attractive figure. As 
a matter of fact, the traffic on this road after electrifica- 
tion did double, and the figures given in the report were 
justified. These figures are as follows: 


Electric Steam 

Operation Operation 
Grosss=tviestinentraneae mec an omen ce $2,939,000 $1,090,000 
INe@t? Ainvestiemticctoaneeh oii coteten 1,849,000. «= ae 
Operating expenses. een ee 500,760 925,165. 
DAVINS Min! POpEL ation +1 asters $424,385 


14.45 per cent 


Return on gross investment........... 
23.2 per cent 


Return on net mvestment....oaes. 6 «o : 


In this tabulation the savings were largely effected by 
reduced maintenance and overtime crew expense. The 
cost of generated power was practically the same as for 
the steam locomotive, due to the fact that the location 
was in the coal mine district, and coal was cheap. 

Studies in other localities where coal is scarce and ex- 
pensive, and where power is developed by hydraulic 
plants, show economy in operation due largely to the sav- 
ing made in the cost of power. This is indicated by the 
results of a study of a single-track western railroad of 
this type, where congestion was not involved, and the 
general method of operation with electric power is quite 
similar to that of steam. The section represented 133 
route miles of single track, and the following tabulation 
is made on the basis of providing for a 40 per cent in- 
crease in business. 


Electric Steam 

Operation Operation 
Gross) investment) oa.ne eee eee ee $12,561,000 $3,599,260 
Net#investinents sn) piace een 8,961,740. | = © =) eee 
Operating expense hee meee 3,826,381 5,530,217 
Saving” in) operations sae oe ee $1,703,836 
Return on gross investment........... 13.6 per cent 
Return on net investment............ 19 per cent 


In considering steam railroad electrification, we must 
not look for any sudden conversion from steam propul-— 
sion to electric. From the date of the first steam engine 
to the present time, there appears a long succession of 
improvements and perfection of detail so that at no time, 
or certainly not at the present day, is one justified in say- 
ing that there is nothing more to expect from this system 
of railroading. 

The development of the steam locomotive has been 
typical of the development of other mechanical necessi- 
ties, the first efforts demonstrating little more than prin- 
ciples involved. From the first wood burners of a few 
thousand pounds weight up to the up-to-date Mallet, 
fitted with mechanical stokers, superheaters and all aux- 
iliaries, and weighing several hundred tons, we get some 
idea of the progress made. 

Coincident with locomotive development, other devel- 
opments essential to the use of improved locomotives, 
either steam or electric, such as roadbed, rolling stock, 
signal service, etc., have kept pace with each other. 

At the present time, when more and more is required 
of the railroads in the way of increasing their carrying 
capacity and expediting their movements, in order to meet 
the future demands on most railroads, there is but 
one economical answer, and that is to electrify. 


Principles of Car Lighting By Electricity 


A Course of Practical Lessons Explaining the Main 
Details of This Important Application 


By Charles W. T. Stuart 


IX. — More About Ampere-Hour Meter 


HE use of the ampere-hour meter is so extensive 
that-a discussion of the theory involved in its 
operation is believed to be a valuable supplement 

to the article last month which described its construc- 
tion. We have therefore devoted the following install- 
ment to further explanation of this device. 


Theory of the Ampere-Hour Meter 
Simple Shunt Type—Fig. 1 is a circuit diagram of a 
simple shunt Sangamo ampere-hour meter with the prin- 
cipal meter parts marked as follows: 
indicates armature element. 

M indicates permanent horse shoe magnet. 

MP indicates magnet poles. 

S indicates shunt. 

T indicates gear train. 

D indicates damping disc. 
The theory of the operation of the armature element is 


Fig. 1—Circuit Diagram of Simple Shunt Sangamo Ampere-Hour 
Meter 


similar to that of a wire carrying current, and placed in a 
magnetic field, the wire tends to move out of that field in a 
direction perpendicular to the lines of force and perpen- 
dicular to its own axis. This is due to the reaction be- 
tween magnetic lines of the field and the magnetic lines 
emanating from the wire carrying the current and is the 
same principle which makes a motor armature revolve. 
The force with which this wire will move out of the 
magnetic field depends upon the strength of the field and 
upon the amount of current flowing through the wire. 
If the field is constant and current through the wire be 
doubled, it will move with twice the force, etc. 

_ The permanent horse shoe magnet in the Sangamo 
ampere-hour meter has two poles, a north pole and a 
south pole. These poles are placed one on each side of 


the axis of the armature, so that the current passing 
across the copper disc armature encounters two magnetic 
fields, the magnetism of one field being directly opposite 
in direction to that of the other. The current going 
through the armature reacts with a magnetic field of south 
polarity on one side of the axis and with the magnetic 
field of north polarity on the other side of the axis of the 
armature. The effect of these two forces acting in op- 
posite directions at opposite sides of the armature, causes 
the latter to rotate. The strength of the permanent horse 
shoe magnet is constant, therefore the speed at which the 
armature rotates depends upon the strength of the cur- 
rent through the armature. 

The direction of armature rotation is governed by the 
same rule that applies to a direct current shunt wound 
motor as follows: 


1. If the polarity of the field is changed, the armature 
will rotate in the opposite direction. 


2. If the polarity of the armature is changed, the 
armature will rotate in the opposite direction. 


3. If the polarity of both the armature and field is 
changed, the armature will rotate in the same direction. 


In the Sangamo ampere-hour Navter the polarity of the 
field (which is the permanent horse shoe magnet) never 
changes, therefore the direction of armature rotation de- 
pends upon the direction of the current through the arma- 
ture. The charging current to the battery passes through 
the meter shunt in one direction and the battery discharg- 
ing current passes through the shunt in the opposite di- 
rection. The armature circuit is connected in parallel 
with the shunt circuit, therefore the direction of current 
through the armature will be the same as that of the shunt 
and the direction of armature rotation will be governed 
accordingly. 

The damping disc rotates in the field of another per- 
manent magnet and operates as a generator. The torque 
required to turn this aluminum disc is directly propor- 
tional to the speed and as the armature and damping disc 
are fixed to the same shaft the speed of the disc is pro- 
portional to the torque, which is in turn proportional to 
the current through the armature. The current can there- 
fore be measured by counting the revolutions of the damp- 
ing disc, each revolution being equivalent to a definite 
quantity of current. In other words, the damping disc 
controls the meter so that it will run at a speed directly 
proportional to the amount of current flowing through 
the armature. 

The variable resistor element is connected electrically 
in parallel with the shunt and the armature circuits. 
Therefore the strength of the current through the arma- 
ture will depend upon the resistance of the shunt and the 
variable resistor circuits. The resistance of the shunt is 
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constant, but the resistance of the resistor circuit varies. 
This variation is effected as follows: The permanent 
horse shoe magnet that furnishes the field for the arma- 
ture element also furnishes a magnetic field for the re- 
sistor element. The reaction of the current flowing 
through the pivoted copper bar with the field of the horse 
shoe magnet causes the resistor bar to rotate. This 
rotating effect involves the same theory as that of the 
armature, but in this case the rotation is limited to 
a slight angle by an adjustable stop in the resistor 
chamber. When the current through the resistor 
element reverses from a charge to a discharge di- 
rection or vice versa, the resistor will rotate in the re- 
verse direction until it strikes the other stop. An ad- 
justable dial at the bottom of the resistor element con- 
nects through the chamber to a circular plate carrying 
the two stop pins, which limits the movement of the re- 
sistor bar. A graduated scale is provided so that the posi- 
tion of these pins may be adjusted to cause the meter to 
operate at any percentage of battery overcharge desired 
between the limits of zero and thirty per cent. The re- 
sistance of the resistor element circuit is varied by mov- 
ing the pivoted copper bar of the resistor element in and 
out of the line of the contacts through the resistor. When 
the bar is directly in line with the terminals of the resistor 
element, the current passes from one terminal of the re- 
sistor element to the other through the copper bar giving 
the circuit its minimum resistance. When the resistor bar 
moves in the opposite direction out of the line of contact, 
it is necessary for the current through the resistor ele- 
ment.to pass through a short section of mercury at each 
end of the resistor bar. The resistance of the resistor 
circuit will then be at its maximum value because the 
resistance of mercury is approximately sixty times greater 
than that of copper. As above stated, the resistor circuit 
is in parallel with the armature circuit, therefore an in- 
crease in resistance in the resistor circuit will send more 
current through the armature, causing the meter to run 
faster. Likewise a decrease in the resistance of the re- 
sistor circuit will shunt some of the current out of the 
armature circuit and cause the motor to run slower. The 
variable resistor element is adjusted so that the meter 
will record true ampere-hours on discharge and run from 
ten to thirty per cent slow on charge. 

The theory of the thermo couple involves the principle 
that when two unlike metals are welded together and 
heat applied to the joint, a potential is generated by the 
action of the heat on the joint. Then when the cold ends 
of the welded piece are connected to an electrical circuit, 
a current will flow just in the same manner as if the 
thermo couple had been a storage battery or a generator. 
The thermo couple for Sangamo ampere-hour meters con- 
sists of two unlike metals welded together and connected 
across the armature circuit in series with an adjustable 
resistance. The heat is applied to the joint by means of a 
small electric heating coil which is wound around the joint 
of the two metals, and connected across the battery termi- 
nals. The potential that is generated by the heating of the 
joint sends a small current of approximately one-half am- 
pere through the meter and causes the meter to creep in a 
discharge direction. Current for operating the little heat- 
ing coil is taken either from the battery terminals di- 
rect or from the outside of the main lamp switch, as 
desired. In the first case, the meter will creep all the 
time, and in the latter, will creep only when the lights 
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are on, the current itself being recorded on the ampere- 
hour meter. 

Testing Sangamo Hinge Hour Meters—Sangamo 
ampere- -hour meters should be tested at least once a year. 
The instruments required for testing are a direct current 
ammeter anda stop watch. As previously stated, ampere- 
hour meters of the differential shunt or resistor type are 
set slow on charge and correct on discharge. Therefore, 
before proceeding to test the meter it should be deter- 
mined whether the meter is correct in the discharge di- 
rection. In making this test, the ammeter should be con- 
nected in series with the Sangamo ampere-hour meter, 
as shown in Fig. 2, and the current through the meter 
adjusted so that it will be constant through the period 
of test. The speed of the meter in the direction in which 
it is set correct (in this case, on discharge) is ten revolu- 
tions in thirty-six seconds at full load. The majority of 
Sangamo ampere-hour meters for train lighting service 
are rated at sixty amperes, therefore the correct "sped of 
this meter. would be ten revolutions in thirty-six seconds 


Ammeter Sangamo 


_-Amp. Hr, 
Meter 


Rheostat for 
_- Adjusting 
Current 


Fig. 2—Sangamo Ampere-Hour Meter Connected for Test 


at sixty amperes. In checking the accuracy of a meter, 
the following formule should be used: 
AGS ake 
Si 
i 
Where K equals the constant of the meter under test, R 
equals the revolutions observed; J equals the load in 
amperes, and S equals the correct time in seconds for R 
revolutions. If the observed time does not correspond 
with the time as calculated from the above formula, the 
percentage accuracy can be determined by dividing the 
correct time by observed time, that is, if S, is the ob- 
Ay 
The 


served time, the percentage accuracy will be 
7 

constant of a ten ampere meter is 36, and is directly pro- 
portional for other sizes unless otherwise marked on 
meter in special cases. For example, the constant of a 
sixty ampere hour meter would be 

60 

— x 36 or 216 

10 
This constant is for the speed on discharge where the 
meter is set correct on discharge. If upon test the meter 
is found to be incorrect, it may be adjusted by varying 
the position of the soft iron disc located over the jaws of 
the permanent magnets. Raising this disc decreases and 
lowering it increases the speed of the meter. On light 
loads, that is, ten per cent of the rate of capacity of the 
meter, the accuracy will usually be found to be within 
three per cent. Unless the meter is equipped with a 
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thermo-couple, there is no adjustment for light load ac- 
curacy, and if the error at this load exceeds three per 
cent, it is advisable to clean the mercury thoroughly. 
Very often it will be found that there are filings or other 
particles of foreign matter in the magnet air gap, which 
drag upon the disc, resulting in the meter slowing down 
on light load. Therefore, before taking the meter apart, 
the air gap should be thoroughly clean. \Vhen the horse 
shoe magnet is removed from the meter, a keeper should 

be placed across the pole tips in order that it may retain 
its magnetism. 

The percentage slow on charge should not be confused 
with the percentage overcharge, as these two quantities 
have entirely different values. In order to determine the 


aa 


Fig. 3—Graphic Ampere-Hour Meter With Case Removed Show- 
‘ing Recording Pencil (B) Mounted on Rolling Carriage Moved 
Horizontally By Ampere-Hour Meter Gear Train 


percentage slow on charge or the percentage overcharge, 
the following formule should be used: 
S,—S 
Percentage slow on charge 


Sy 


. S,—S 
Percentage overcharge —— 
=) 


The following table will also be of use in determining 
the percentage overcharge, knowing the percentage slow 
on charge, or vice versa: 

Percentage Slow on Charge. Percentage Overcharge. 


15 1734 
1674 20 
20 25 
25 334 
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The following formule and illustration may assist in 
making the foregoing more clearly understood: 


sh i KR 
WO I 1a 
R K 5 I 

In the above formule K equals the constant; R, the 
revolutions; / is current, and S is time in seconds for R 
revolutions. 

Suppose we take a mercury motor, variable resistor 
type Sangamo ampere-hour meter, with a rating of 60 
amperes. Given, AK (constant) 216, to find the S$ (time) 
for 10 revolutions. To calculate this time, first select the 
formula with the unknown quantity to the left of the 


KR 


KR 
equality sign, which in this case is S = ——, The solution 
v4 
would be 
ZIG 10 
S = ———— == 36 seconds 
60 


Therefore, the correct adjustment of this meter will be 
10 revolutions in 36 seconds with a current of 60 am- 
peres flowing through the meter. 

We have stated that a Sangamo ampere-hour meter 
for storage battery operation was adjusted correctly on 
discharge and slow on charge to compensate for battery 
efficiency. Suppose we assume in this case the battery 
efficiency to be 80 per cent. The meter speed on charge 
should therefore be 80 per cent of the discharge speed 
with the rated current of 60 amperes flowing in each case. 
We calculated above, the time for 10 revolutions on dis- 
charge to be 36 seconds. If the time for 10 revolutions 
on discharge is 36 seconds, and we desire to compensate 
on charge for 80 per cent battery efficiency, the correct 
time for 10 revolutions with 60 amperes flowing on 
charge would be: 


80 ) 36.00 ( 45 seconds 
32 0 
400 
400 
A meter so adjusted is only recording a battery charging 
current of 48 amperes, although 60 amperes is actually 
flowing through the meter. This current of 48 amperes 
Ake 
is obtained by using the formula J = —— with § as 45 
=) 


seconds instead of 36. 


Starting with the battery in a fully charged condition 
and the hand on the Sangamo meter at the full charge 
point, suppose we discharge the battery through the me- 
ter at a 60 ampere rate for eight hours. The ampere- 
hour meter hand should now indicate that 8 x 60 or 480 
ampere-hours has been taken from the battery. Now, 
as this meter only records a current of 48 amperes on 
charge when a current of 60 amperes is flowing through 
the meter, it would require an actual charge of 10 hours 
at 60 amperes, or 600 ampere-hours, to move the hand 
back the 480 ampere-hours to the full charge point on 
the meter dial. In other words, the battery receives an 
overcharge of 600 less 480, or 120 ampere hours. Fig- 
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uring this on a percentage basis, the battery received an 


120 


overcharge of of 100 per cent, or 25 per cent. A 
480 

Sangamo ampere-hour meter should therefore be adjusted 

for a 25 per cent overcharge to keep in step with a bat- 

tery operating at 80 per cent efficiency. 

Graphic Ampere-Hour Meter for Car Lighting Service. 
—The graphic ampere-hour meter, Fig. 3, is designed 
to give a definite indication of the treatment which any 
storage battery receives, both as to current rate and time 
of charge and discharge, and the more important informa- 
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ampere-hours discharge, while a movement of the car- 
riage in the opposite or charging direction of 1/16 in, 
would represent 25 per cent more than this (if the resistor 
element is set at this value), or 12%4 ampere-hours. It 
might occur to some that this removable carriage for the 
recording pencil would add sufficient friction to cause the 
meter to record inaccurately ; mercury meters of this type, 
however, have a very high torque which, acting through 
the reduction gear, gives a torque on the main dial shaft 
of 3 ft. Ib. This would theoretically require a friction 
of 75 lb. to stop the pencil carriage. The pencil is ad- 
justable and is usually sharpened with a flat point so as 
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Fig. 4—Graphic Ampere-Hour Meter Chart Showing Proper Operation of Equipment Running Between Two Points. Heavy 
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tion as to the actual condition of battery charge at any 
time. This meter is useful in checking the operation of 
all types of axle car lighting equipments and, since it 
requires no more attention than to simply install it in 
circuit and wind the clock once a week, it is no doubt 
a very useful and practical instrument in car lighting 
service. The operation of a graphic ampere-hour meter 
is as follows: The meter consists of a standard ampere- 
hour ‘meter of the variable resistor type with the zero 
contact removed. A sheave is mounted on the main shaft 
of the dial hand immediately back of the dial and the 
small German silver chain A, Fig. 3, makes several turns 
around this sheave and is permanently connected to it. 
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As the main dial hand of the meter slowly revolves, its 
motion is transmitted by means of the chain to the record- 
ing pencil B. This is mounted on a rolling carriage and 
moves with very little friction on a meter track which 
serves also as a guide for the carriage. The sheave 
mounted on the main shaft of the meter is so designed 
as to give a horizontal movement of the carriage of 
1/16 in. for every 10 ampere-hours indicated on the 
meter dial. A movement of the carriage pencil B of 1/16 
in. in a discharge direction would then represent 10 


Base Line 


Indicate Stops 


to give a fine line, and at the same time have long wear- 
ing qualities. It is supported from the movable carriage 
by means of a substantial spring arm, as shown, which 
provides proper pressure of the pencil on the paper upon 
which the record is made. 

The stationary pencil C is for the purpose of giving a 
base line on the record sheet. This may be set at any 
point desired and an adjustable spring provides proper 
pressure of the pencil on the paper. This base line has 
no reference whatever to the zero capacity of the battery. 
It should also be considered that we are dealing with full 
batteries instead of empty ones. 

A substantial eight-day clock movement, as shown at 


Battery Floating 


© 

A.M. 

Fig. 5—Another Graphic Ampere-Hour Meter Record Showing Proper Operation of the Equipment on Run Between Two Points. 
Horizontal Section of the Line Indicates Battery Floating at Full Charge. 
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the bottom of the meter, operating through the drum D 
and cord £, furnishes power which moves the recording 
paper. The speed of motion is adjusted to approximately 
\% in. for every half hour. One foot of record tape will 
then represent a whole day’s run, and a week’s run would 
require only seven feet of tape. LEvery half hour the 
clock mechanism strikes, and in doing so, causes the 
base line pencil C to move transversely on the paper about. 
\% in., giving the marks of time on the base line. This 
automatically records the time of operation and by mark- 
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ing on the tape the time of starting the test, the exact 
time at all points on the curve is obtained. 

Application of Graphic Meter—The record of bat- 
tery charge and discharge on a car running between two 
points is shown in Fig. 4. It will be noted that when 
the car is not in motion the graph of the recording pencil 
is light, but as soon as the car begins to move, whether 
the equipment is generating or not, the line becomes 
heavy. In this way practically all of the stops are indi- 
cated. As mentioned before, the base line has no ref- 
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ulation, the upward slope of this line is always at the 
same angle. If this had been a constant generator cur- 
rent regulator, this degree of slope would have varied 
depending upon the charging current rate. 

During the daylight stops it will be noted that there 
was no discharge and the light lines, indicating stops, 
are horizontal. After sunset it will be noted the light 
lines at all stops slope downward, this indicating a dis- 
charge at each stop. As soon as the equipment begins 
to generate again, however, the curve again begins its 
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Fig. 6—Graphic Record Showing the Operation of Same Equipment as Fig. 5 but Without Ampere-Hour Meter of Voltage Con- 
trol of Charge 


erence whatever to the battery capacity scale, but simply 
gives a base line from which values of charge and dis- 
charge can be measured. For the sake of illustration, it 
has been assumed in the curve. Fig. 4, that the capacity 
of the battery when fully charged, as it was from 7 p.m. 
to the end of a run, is 320 ampere-hours. Since 1/16 in. 
equals 10 ampere-hours, the vertical scale can easily be 
figured. This scale has been placed at each end of the 


upward slope, indicating that the battery is charging at 
the constant rate of the regulator setting. It will be 
noted that at 7 p.m., indicated by a cross on the curve, 
Fig. 4, the battery has reached a full state of charge, 
and since this equipment was controlled by an ampere-- 
hour meter of the variable resistor type, this meter, like 
the graphic meter, indicated a zero discharge and there- 
upon closed its zero contact which stopped further charg- 
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Fig. 7—Graphic Record Showing Operation of Same Equipment as Fig. 5, Indicating a Failure of the Generator Equipment at the 
Point Marked 


curve. The curves as recorded by the meter, however, 


are simply the two lines shown heavy. 

While standing in the yard there was a capacity of 215 
ampere-hours in the battery, as shown in Fig. 4. The 
Tun to the station is shown by the heavy horizontal line 
and discharge now begins as shown by the downward 
curve of the line. Altogether enroute to and at the sta- 
tion the battery discharged 10 ampere-hours. As soon as 
the train left the station, the battery started to charge, 
and this is indicated by an upward slope of the line; since 
this equipment was set for constant battery current reg- 


ing of the battery. The battery then simply floated on 
the line, the generator carrying the load of whatever 
lamps happened to be in use at the time. It will be noted 
that there are various stops where a slight discharge oc- 
curred, but this was quickly replaced by normal opera- 
tion of the equipment and the controlling meter. again 
operated to stop further charge when the discharge plus 
25 per cent had been put back into the battery. 

Fig. 5 is another chart showing the operation of an 
axle generator car lighting system with the generator 
regulator adjusted so as to provide constant battery cur- 
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rent; the charge given a battery is controlled by an 
ampere-hour meter of the variable resistor type. As in 
Fig. 4, we find a very normal condition of affairs with 
the battery charging normally enroute, a few short dis- 
charges at stops, and finally coming to a state of full 
charge at 2.30 a.m., when the controlling ampere-hour 
meter operated to stop further charge, and so protect the 
battery from excessive overcharge. In Fig. 6, however, 
both the controlling ampere-hour meter and the voltage 
regulating solenoid were purposely cut out of service and 
the equipment operated as on a simple constant battery 
current control. This illustrates, of course, only abnormal 
conditions such as would be experienced in using a reg- 
ulator of the constant current type without auxiliary con- 
trol of charge, or when the voltage regulating feature of 
the combination current voltage regulators without am- 
pere-hour meter control, or when both the ampere-hour 
meter and voltage regulation of equipments with the 
ampere-hour meter control fail to work. In this run it 
will be noted that a charge of 525 ampere-hours was 
given a 320 ampere-hour battery, which at the start 
showed only a 245 ampere-hour discharge. This indi- 
cates an overcharge of 280 plus 25 per cent, or 350 am- 
pere-hours, representing the full normal charging rate 
for nearly nine hours on this single run. When con- 
sidering the effect of such serious overcharging on a 
battery, it is not surprising that the average battery life 
in car lighting service has been so short before the use 


ELECTRICAL 


ENGINEER Vol. 12, No. 4 

bination current voltage, and also on the constant voltage 
types of regulation under various conditions of winter 
and summer operation. Its use is also a big help in 
determining the proper floating voltage for the battery 


at various times of the year. 


A Modern Electric Pumping Station 
By C. R. Knowles 


Superintendent Water Service, Illinois Central, Chicago : 


HE Illinois Central pumping plant at Kankakee, 

Ill., was recently equipped with electrically-driven 
pumps, replacing steam pumps and boilers which had 
become inadequate to supply the increased demand for 
water. The electrical installation consists of duplicate 
units, each having a capacity of 30,000 gal. per hour 
against a head of 130 ft. The pumps are automatic if 
operation, being controlled by the height of water in the 
tanks. The former steam plant requires the services of 
three attendants, while only one is employed 1n the opera- 
tion of the electric plant. 

The pumps are single-stage, double-suction, horizontal, 
split-shell, centrifugal pumps with 5-in. suction and dis- 
charge. They are bronze fitted throughout with bronze 
enclosed impellers. The pumps are designed to deliver 
500 gal. per min, against a total head of 130 ft., includ- 
ing 15 ft. of suction lift. The motors are 25-hp. horizon- 


Interior of the Pump House, All the Piping Exposed 


of voltage regulators giving a taper charge or the con- 
trolling ampere-hour meter came into use. 

Fig. 7 shows another abnormal condition wherein the 
equipment failed to generate on the point: marked “x” 
on the curve, due either to lost belt which was not re- 
placed or trouble on the equipment. It will be noted that 
there is a continual discharge on the battery from this 
point till the end of the run; this does not follow a 
straight line, but tapers more to the horizontal as the 
number of lamps in use is reduced. 

The graphic ampere-hour meter is also very useful in 
recording the effect of tapered charging with the com- 


tal, 3-phase, 60-cycle, 220-volt, 1,750 r.p.m. cross-thies 
line type, self-starting motors. The motors and pumps 
are direct connected and mounted on the same sub-base. 
The control panel is of the Sundh type. 

The control circuits are shown in the wiring diagram 
and a list of the equipment on the control panel is given 
in table 1. The control panel is 84 in. high, 36 in. wide 
and is made of 1% in. black marine finish slate mounted 
on an angle iron frame. 

The double-throw, 3-pole switch No. 8 is used to select 
either motor No. 1 or motor No. 2. The two motomag 
cannot be operated simultaneously. When switch No. 8 
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and the main switch No. 1 are closed the motor which has 
been selected will operate automatically, controlled by the 
pressure regulator No. 6. If it is desired to start the mo- 
tor by hand, this can be done with the hand starter No. 9. 


TABLE 1 


3 P. S. T. switch, 200 amp., 250 volts. 
N. E. C. fuses, 3p, 150 amp., 250 volts. 
Watthour Meter, G. E. Co., D-6. 
Press gage, 5” black rim 0.75 lbs 
Bul. 7,600 relay, 1p, 3 amp., D’W’G F-174. 
4,900 Press. Reg. DWG D-300. 

a 9P, 7,250 relay to have insulated knob handle. 
Overload I. T. L. relays. 
Se DW. Lk. KN.SW. 200 amp., 250 volts. 
3 step, 2 lever hand starter, 150 amp. 

10 Resistance (2 sieps). 

11 7,600 mag. switches, 4 A.C. D-377. 

12 Dash pots DWG B-248. 

13 Low voltage release coil. 
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The pumps are fitted with a diaphragm by-pass valve 
to the suction for automatic priming when operating un- 
der float control. 

The station was placed in service in January, 1920, and 
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during the subsequent caléndar year 109,368,000 gal. of 
water was pumped at a cost of $2,154.35 for electricity, 
or an average cost of $0.0196 per thousand gallons for 
power only, the current consumption being 66,390 kw. 
h., at an average cost of $0.0324 per kw. h., the pumping 
head ranging from 100 to 110 ft. 

The cost for current about equals the cost of coal for- 
merly used in the operation of the steam plant, the net 
Saving being equal to the salary of the two men whose 
services are dispensed with, and which amounts to ap- 
proximately $2,000 per year. 

The operating results for 1920 by months are given in 
Table 2. The results given are taken from the current 
consumption as shown by electric meter on the switch- 
board and water pumped is measured by a current type 
of meter located in the discharge line. 


Tastr 2—STATEMENT OF OPERATING RESULTS FoR 1920 


Current Cost of Water - 

Month consumed current pumped 
2 ES =o ee 5,370 kw.hr. $174.57 8,950,000 
RAMU) fccca ocd Gis are 5,820 kw.hr. 168.98 9,775,000 
ER Qe 5,650 kw.hr. 165.92 9,450,000 
April “5 ini do ROR ORE Oe EEG 5,440 kw.hr. 162.14 9,190,000 
J Ante ae 4,940 kw.hr. 152.59 8,105,000 
oo + 6 ee 4,870 kw.hr. 151-12 7,955,000 
as cscs cies ee viene 5,430 kw.hr. 161.96 9,018,000 
eer Pe a wel eaie 4,530 kw.hr. 184.79 7,405,000 
roe! | 5,820 kw.hr. 201.71 9,690,000 
URE eo oie ns oops walt 5,840 kw.hr. 202.19 9,720,000 
BROREINDET 66. ose eee ee 6,100 kw.hr. 208.43 10,015,000: 
MOPCEMDED 6... ee ee es ees 6,580 kw.hr. 219.95 10,095,000 
66,390 kw.hr. $2,154.35 109,368,000 


The operation of the pumps has also been checked up 
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at various times, the result of a recent test under varying 
heads and deliveries being shown in Table 3: 


TasLte 3—Pumpine Recorp 


: Water 
, Suction, R.p.m. Kw. input pumped, 

Time Pressure inches pump to motor g.p.m, 
1:25 44.7 16.5 1,790 
1:30 44.7 Secete 1,790 
135 44.7 Reente yas 4 
1:40 44.7 16.5 4510 
1:45 44,7 seus Senet 
1:50 44.8 16.5 Sob 22.8 592 i 
EGS) 5a8 ee 1,765 | 
2:00 At arate 
2:05 45.2 on 050 
2:10 aohie 1,745 
2515 4¢.3 eg) 
2:50 45.8 15e5 1,765 2 
3:00 46.0 es ‘S — o28 
Pia 43.8 16.5 23.4 650 
SI EISS) 39.3 20.25 26.3 800 


Norr—To all total heads add 3 ft. for elevation from center of line gage 
to point of attachment of mercury column. 


While running the test given above from 1:25 to 2:15 
p. m. the water was pumped into the main or controlling 
tank, the line across the bridge and all other outlets from 
the controlling tank being closed. From this test it will 
be noted that the pump was delivering 592 ¢.p.m. against 
a total head of 124 ft., using 22.8 kw. This test shows 
an overall efficiency of 60 per cent from input through 
the control board motor and the pump. 

The test from 2:50 to 3:00 p. m. was made in the 
same manner as in regular service, the water meter show- 
ing a delivery of 520 g.p.m. against a total head of 126 
ft.; the input through the meter being 20.4 kw., or an 
overall efficiency of 60 per cent. The test from 3:05 to 


Motor 
No.| 


3:10 p. m, showed a delivery of 650 g.p.m. against a total 
head of 122 ft., using 23.4 kw., or an overall efficiency of 
62 per cent. 

The last test shown above was with all valves wide 
open the suction lift was 20.25 in. of mercury, the total 
head 116 ft. and the quantity of water handled about 
800 g.p.m., with 26.4 kw. input, making an overall effi- 
ciency of 66 per cent. The difference appears unusually 
large, but there is a marked increase in efficiency when a 
greatly increased quantity of water is handled. 

The installation has been entirely satisfactory in every 
respect and has given no trouble except for brief inter- 
ruptions to service on account of low voltage. ; 


Wiring Diagram 


Power and Lighting Equipment in Railroad Service® 


- Development and Standards in Electrical Equipment, Use ot 
Motors and Lamps Has Doubled in Five Years 


By J. E. Gardner 
Electrical Engineer, Chicago, Burlington & Quincey R. R? 


HE electrical department of a steam railroad has 
a varied field in which to work, comprising the 
mechanical department, the building department, 
the water service department, in fact the whole engineer- 
ing department, and it handles both power and lighting 
installations as well as welding and electric furnace in- 
stallations. The electrical department, the newest de- 
partment of a railroad organization, has thus a rapidly 
growing field for its work, both in importance and in 
scope. This paper aims to tell of a few of tne problems 
and the newer developments in the electrical field, with- 
out attempting to go into many of the technical details. 

Electrical welding, perhaps the latest adaptation of 
electricity to the railroad shop, will not be taken up at 
this time. 

Electricity is being used as the form of energy for vari- 
ous purposes, because it means, in practically every case 
of its use, a direct economy to the railroad, and this 
question of economy of operation must be considered in 
planning any new installation. In most cases, this can 
be calculated in actual dollars and cents. This may be 
a saving in coal burned at a power plant, in labor for 
the operation of a pumping plant or a coal chute, in an 
increased output from a machine tool or group of tools, 
or a saving due to the decreased initial investment for 
a power plant in a case where electrical energy can be 
purchased at an economical rate. The wonderful con- 
venience of electricity in its many adaptations is not al- 
ways so easily reduced to dollars and cents, but it is 
often the determining factor in deciding on the type of an 
installation. 

The reliability of electrical operation is an important 
factor and it is the aim of the electrical department to 
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make reliability and dependability its first consideration 
in laying out an installation, including due observance of 
“Safety First” measures. 

The ideal of the electrical engineer is to install equip- 
ment that will do the work required quickly, economi- 
cally, and do this every time it is called upon. 

The rapid growth of the electrical industry may be 
seen from the fact that in 1915 the motors in the United 
States served by central station power amounted to a 
total of 6,100,000 horse power, whereas in 1920 they to- 
taled over 12,900,000, an increase of over 100% in five 
years. 

Similarly, the number of incandescent lamps sold per 
year increased from 4,000,000 in 1890 to 110,000,000 in 
1915 and 231,000,000 in 1920, also an increase of over 
100% in the last five years. 


Alternating Current vs. Direct Current Power 


One of the very first considerations in a power in- 
stallation is the proper type of power to adopt. If power 
is to be purchased, it will nearly always be found that 
the power company can supply three phase alternating 
current, and can supply this at a cheaper rate than the 
direct current in cases where it can furnish either. In 
cases where power is to be generated, three phase alter- 
nating current is fast becoming the current adopted, and 
for very good reasons. 

For transmission purposes, three phase power is un- 
questionably the preferable type, as the use of trans- 
formers gives the choice of all voltages for any one in- 
stallation and allows the same power to be efficiently 
converted to 110 volts for lighting purposes. 

The three phase motor, especially the squirrel cage 
type, has many advantages over the direct current motor 
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wherever a constant speed motor can be used. It has no 
commutator to give trouble, and in the case of the squir- 
rel cage motor it has no moving electrical contacts or 
brushes whatever, and no rubbing parts except the bear- 
ings. The manufacturers have now developed rotors to 
squirrel cage motors that are almost indestructible, and 
so long as the bearings are kept properly lubricated and 
the motor is not improperly overloaded it will run in- 
definitely without giving trouble. 

The control of a squirrel cage motor is of the simplest 
possible type to operate. The starting of such a motor 
by hand control consists, in the case of the smaller 
motors, merely of throwing in a switch, and in the case 
of the larger motors, of throwing the double throw 
switch of a compensator. The stopping of such a motor 
consists merely in the throwing out of the switch, either 
directly or by means of a push button. Further, this push 
button, or in fact a series of push buttons, can be located 
at convenient points for stopping the motor either for 
its regular operation or in emergency. 

In short, the squirrel cage motor is the most rugged 
and fool proof motor obtainable, and should be used 
wherever possible. It has, however, the characteristic of 
lower starting torque than can be obtained’ from the 
slip ring motor, which makes the slip ring motor neces- 
sary for starting machinery that must start under heavy 
load, as air compressors, triplex pumps, ete. 

The direct current motor has to its credit the variable, 
or adjustable, speed that can be obtained from it and is 
used wherever possible, when this quality is of prime im- 
portance. 

For this reason, many large shops furnish both three 
phase and direct current, using the direct current where 
adjustable speed is needed. However, even in such cases 
the ordinary procedure is to generate three phase cur- 
rent first and convert this to direct current by means 
of a motor generator set or a rotary converter, so that 
the direct current immediately becomes more expensive 
to generate, due to the losses in this apparatus. 

Furthermore, alternating current is coming to such 
universal use that many manufacturers are furnishing 
sufficient speed changes in their standard machine tools 
to permit the use of a constant speed motor. In very 
Many cases it is cheaper to purchase a tool with sufficient 
speed changes to permit the use of a squirrel cage motor 
than to purchase a tool without such changes but with 
an adjustable speed direct current motor. 

For traveling crane drive, the direct current series 
motors have the advantage that their light load speed 
is much faster than their full load speed, which makes 
the operation of the crane faster when handling light 
loads or running light. 

The use of synchronous motors is to be considered 
in the case of large motors which run practically all of 
the time under fairly steady load, as for instance the 
motors of motor generator sets or motor driven air com- 
Pressors. This is especially desirable where alternating 
current is generated at the shop or where the power com- 
pany furnishing current demands a penalty for low power 
factor. The use of such a synchronous motor in a power 
Plant will raise the power factor of the plant instead of 
lowering it, as is often the case when such apparatus is 
driven by large induction motors. In cases where the 
alternating current generating equipment has become 
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overloaded it should be investigated to see if the use of 
a synchronous motor will not overcome the trouble be- 
fore recommending additional generators. 

Motor Bearings 

Sleeve bearings are still the standard motor bearings, 
although a number of manufacturers will furnish their 
motors with ball bearings when these are desired. The 
design of a squirrel cage motor makes it necessary that 
there be very little clearance between the rotor and the 
stator, so that if the bearings are permitted to wear suf- 
ficiently the rotor will rub on the stator, causing a motor 
failure. This and the deterioration of the stator coils 
from becoming oil-soaked cause the majority of squirrel 
cage motor failures. Freedom from these two troubles, 
together with slightly higher efficiencies, are the argu- 
ments in favor of ball bearing motors. 

Individual vs. Group Drive 

In the days when the machinery in the shop was driven 
by steam power, the usual procedure was to have one 
large engine drive all of the machinery in one shop. 
When these engines.began to be superseded by electric 
motors it was found to be of considerable advantage to 
divide the shop into various groups handled by separate 
motors, and in the case of certain machines to drive them 
by individual motors. In this way it was possible to 
eliminate a great deal of the friction caused by the large 
amount of shafting, belts, etc., in the shop, and also 
to operate part of the shop without the necessity of run- 
ning all of the shafting. The growing use of traveling 
cranes for machine shops has aided to develop the use 
of individual motor drive for machine tools, as this does 
away with all of the shop shafting. Individual drive 
also gives the added advantage that the tool can be 
quickly located in any position in the shop. However, 
in shops, or in shop bays, not equipped with traveling 
cranes, and especially for the smaller tools, the advantage 
of individual drive is in many cases neutralized by the 
added cost of the necessary motors for such drives. 

The horse power of the motors in a shop equipped with 
individual drive would be much more than in a shop 
equipped with group drive, and the cost of the motor 
installation will show a much greater contrast owing to 
the fact that the smaller motors cost more per horse 
power than the larger motors. In the smaller railroad 
repair shops especially, all of the machine tools are not 
worked to their capacity at the same time. If individual 
drive is adopted, each motor must be large enough to 
handle the maximum load on that machine tool, and in 
the case of reciprocating machines, as planers, slotters, 
etc., the motor must be large enough or the machine 
must be equipped with enough flywheel capacity to fur- 
nish the momentary energy required to reverse the 
machine at the end of the stroke. In the case of group 
drive, all of the energy stored in the shafting and various 
machines of the shop is available at such an instant. 
and this fact makes a still greater difference in the horse 
power required with group drive as compared to indi- 
vidual drive. 

Furthermore, with a shop using only alternating cur- 
rent a few motors loaded nearly to capacity will furnish 
a much higher power factor than a large number of 
motors carrying light loads. This is of special importance 
if the shop generates its own electric power. 

Consequently, before deciding to adopt individual drive 
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throughout an entire shop, it must be carefully con- 
sidered as to whether the additional cost is warranted, 
as compared with group drive, especially for the smaller 
machines. 

In laying out group drive for a shop, such as is found 
at a roundhouse point, it is advisable to put certain tools 
that are likely to be used at any time for emergency 
work in a group by themselves so as not to necessitate 
running of a large number of tools during the night. 


Standardization of Motor Speeds and Voltages 


The size and first cost of a motor decrease as the 
speed increases, consequently in designing a motor drive 
care should be taken to see that a motor of the highest 
practical speed is used. 

For gearing or chain drive, the speed of the motor 
must be selected with care not to exceed speeds in good 
practice, taking into consideration the size of the motor. 

For belt drive. the size of the two pulleys and the 
reduction of speed permissible with one pair of pulleys 
determines the motor speed that must not be exceeded. 
For 60 cycle, three phase motors the speeds must com- 
monly used are no load speeds of 1800, 1200, 900 and 
720 r.p.m., with full load speeds approximately 5% less, 
and a safe plan to follow for a belted motor is to see if 
a 1200 r.p.m. speed can be used and work as near to 
this speed as possible without getting too great a pulley 
ratio. 

Basing the price of 1200 r.p.m. motors at $100 for the 
sake of convenience, the relative price of motors of the 
various speeds is approximately as follows: 


Speed in r.p.m. Comparative Cost. 


1800 Ded |: 
1200 100 
900 125 
720 142 
600 158 


In order to standardize on motor speeds, the manu- 
facturers are furnishing direct current motors with ap- 
proximately the same speeds as the full load speeds of 
alternating current motors. It is also, of course, a de- 
cided advantage to the motor user to keep the motor 
speeds as near standard as possible, and this should be 
considered in selecting motors. 

The advantage of a spare motor, and the ease with 
which motors can be transferred from one tool to an- 
other in a shop is increased by the extent that such 
standardization is perfected. 

Another argument in favor of motors of speeds of 
1200 or 900 r.p.m. is that they can be more readily pur- 
chased. 

Voltages should also be standardized as far as possible 
for the various shops on one railroad. For direct current, 
230 volts is beyond doubt the best for power. For threé 
phase current, 220 and 440 volt motors are both used 
and the majority of the induction motors manufactured 
can be reconnected for either voltage. For a good-sized 
shop the cost of copper wire for power circuits is a large 
item and if 440 volts is used instead of 220, the circuit 
wires will be half the size, and feeders, when the voltage 
drop determines the size, can be one-fourth the size. For 
this reason 440 volts is recommended for a standard. 

There are certain communities, however, where power 
companies furnishing power insist on furnishing 220 
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volts instead of 440, as they are more interested in stan- 
dardizing their transformer equipment than in the 
amount of copper that their consumers use in their wir- 
ing. For this reason, 220 volt motors will be used at 
such places and can be recommended where the power 
company is furnishing transformers and, having no 440 
volt customers, does not carry any spare transformers 
of that voltage. In case of a motor failure at such a 
point, a spare 440 volt motor can be reconnected to be 
used on the 220 volt circuit. 


Circuit Breakers and Relays 


Every motor must be protected against overload by a 
set of fuses or a circuit breaker, or its equivalent in the 
case of relays. When a fuse blows, the motor is shut 
down until the fuse is replaced, a condition which 
means a delay, and in many cases a serious delay. 

When a circuit breaker throws out it is only a matter 
of seconds for the operator to throw it in again and 
have the motor running. For this reason, circuit 
breakers or overload relays are recommended for use 
on every electric motor and are well worth the addi- 
tional cost in time saved. For induction motors over- 
load relays will be used in connection with the com- 
pensator, oil switch, or other starting device. In the case 
of a hand starting compensator, these will not be thrown 
on the line until the motor is up to speed, but with auto- 
matic starters and oil circuit breakers they will be on 
the line while the motor is starting and using an excess 
of current over the normal running current. For this 
reason it is important that relays be provided having a 
proper time element and one that can be readily adjusted, 
otherwise the relay will have to be set so high to resist 
the starting current of the motor that it will not give 
the proper protection while the motor is running. Also, 
the inverse time element feature will permit the motor 
to run under a slight overload for a longer time than 
under a heavy overload. 


Safety Switches 


The “Safety First” campaign in all industrial lines 
has been the means of bringing out many new types 
of safety switches and safety devices, most of which 
are commendable. Safety switches mean protection 
against personal injury, against fire and against power 
failures. In addition to the safety switches, many panel, 
boards now have the fuses of each polarity or phase in 
a separate compartment, the different compartments be-| 
ing separated by barriers. Compensators can now be 
obtained with the relays and no voltage coil complete 
inside of the same case as the compensator, which adds 
to the convenience and neatness of wiring. Automatic 
starters can be purchased complete with enclosing cabi- 
nets so that they can be located close to the motor with- 
out need of additional protection, and so that a complete 
conduit installation can be made. 


Pumping Plant Operation 4 

The present high price of labor, gasoline, kerosene 
and coal combine to make electrical operation economical 
in many pumping plants and coaling stations where 
electric power is available. In many cases the use of 
automatic control is the determining factor in reducing 
the cost of labor for operating a pumping plant. How- 
ever, no automatic devices are absolutely infallible, and 
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where hand starting can be operated without great ad- 
litional expense it is advisable, as it makes it necessary 
he attendant visit the plant at least once every time the 
motor is started. Pumps do not always prime properly, 
jumps and motors have to be oiled at regular intervals, 
earings run hot occasionally, so that it is not fair to 
ny equipment, however reliable, to expect it to operate 
ay in and day out without attention. 

The control of motor driven pumps may be divided 
ito three classes: 


(a) Hand start and hand stop ; 

(b) Hand start and automatic stop ; 

(c) Full automatic control. 

A. Hand start and hand Stop: 

The simplest electric installation in the case Of <a 
‘iplex or similar type of pump is a slip ring motor with 
ontroller and oil switch. One objection to this equip- 
lent as ordinarily installed is that it is not absolutely 
ol proof, for the reason that after the motor has been 
opped by opening the oil switch it is possible to throw 
1 the switch while the controller is in the full speed 
osition, and thus throw an excessive amount of current 
irough the motor. Controllers, however, are on the 
arket so designed that after the motor has been stopped 
is impossible to start it again without throwing the 
mtroller first to the off position, which affords full pro- 
ction by making it necessary to start the motor in the 
roper manner, 

In cases where a centrifugal pump can be used to ad- 
intage a squirrel cage motor can, of course, be used 
ith hand starting compensator control. 
B. Hand start and automatic stop: 

The first step to consider in the line of automatic con- 
ol is whether it is advisable to arrange the equipment so 
at the motor will stop at the time the storage tank is 
led. In this way, after the operator has started the 
stor it will drive the pump until the tank is filled and 
-n stop atuitomatically and not start until the operator’ 
ts it again. This automatic stopping of the motor is 
ually accomplished by the use of a float switch in the 
ik, or a pressure regulator connected to the pump dis- 
arge line, operating in either case through the no- 
ltage coil of the oil switch or compensator. In cases 
ere the water tank is near the pump house and 
ere the ice conditions are not severe in winter, the 
it switch located in the top of the water tank is 
‘ferable. In certain other cases, however, it is ad- 
able to use a pressure regulator. When this is used, 
€ must be taken to protect it against the surge that 
urs in the pipe line whenever the pump is stopped or 
tted. This surge can be largely eliminated by con- 
ting the pressure regulator to a reservoir partly filled 
h air, this reservoir being connected to the pipe line 
ough a restricted opening. The use of a pressure 
lator is to be avoided wherever there are water 
les connected to the pump discharge line. 
|: Pull automatic control: 


he next step is full automatic control obtained 
jugh the use of an automatic starter controlled by 
‘float switch or pressure regulator. Upon investi- 
ng the different types of automatic starters on the 
ket, it will be found that they work under two dif- 


int systems. The first type speeds up the motor 


as the amount of current flowing through the motor 
decreases. The second type speeds up the motor through 
a definite time interval. Theoretically, the first of these 
types is correct, but the writer’s experience has been 
that the second type, where the starting is based on the 
time element, is a more reliable type in the case of pump- 
ing plants, which are oftentimes located some distance 
from the power plant, and where voltage conditions are 
not always uniform. With this type of control, there 
is no danger of the controller staying in the starting 
position owing to low voltage or to the fact that the 
motor starts up unusually hard owing, perhaps, to the 
fact that the operator has tightened up the packing 
glands on the pump more than he should, whereas 
similar conditions on the other type of starter may cause 
it to burn out. 

Wherever the float switch or pressure regulator is 
used, a single pole double throw switch located near the 
motor starting apparatus is recommended. By connect- 
ing up this double throw switch so that when it is open 
the float switch circuit is open, when it is thrown to one 
side the circuit is made through the float switch, and 
when it is thrown to the other side the circuit is short- 
circuited, cutting out the float switch control entirely, 
the attendant can test out the apparatus regardless of 
whether the water tank is full or empty, and can operate 
the motor by the use of this switch in the case of failure 
of the float switch through ice in the tank, which in some 
localities is quite liable to occur. 

In the case of the most important water stations, dupli- 
cate equipment is recommended for protection in emer- 
gency, and where such stations are operated by automatic 
control, a hand controller is recommended in addition 
‘to the automatic controller, this being so connected that 
reversing a double throw switch cuts the motor control 
on either the hand controller or the automatic starter, and 
disconnects the other entirely so that it can be taken out 
for repairs without shutting down the plant. The writer 
has installed this equipment in three important pumping 
stations, and its value in time of emergency has been 
well proved. 

After making a study of various pumping plants, the 
following data sheets have been worked up to be filled 
out by the inspector to determine the relative cost of 
operating the plant by the use of combustion engine or 
steam power, and by the use of electric motor: 

Pumping Pranr Data 


Location 


ELectric Power: 

Name of power company. 

Power company representative and address, 

Distance of present line from pump house. 

Will power company construct line free of charge? 

If not, what will this cost? 

What voltage. phase and cycles? (440-v —3-ph.—60-cycle pref.) 

Will power company Permit squirrel cage motor? 

Will power company furnish meter? 

Rate for power. 

Terms for off peak pumping. 

Discount .for 2.300 volt service. 

Has power company reliable 24 hour service? 

Is full automatic control necessary ? 

Could pump be operated economically by starting by hand anc 
matically ? 

Float switch or pressure control, 

Details of control circuit, 

Who would oil pump motor, etc.? 


It will be noted from these data sheets that the rela- 
tive economy of the different types of operation is 
determined by calculating the comparative monthly op- 
erating costs, as this is the only accurate way by which 
the cost of electric operation may be compared with the 


1 stopping auto- 


154 


cost of operation by combustion engine or steam boiler 
and pump. 
Automatic Control for Shop Motors 


Automatic control is slowly being introduced into the 
railroad machine shops for controlling certain machine 


Pumpinae PLrant Data 


IWaySeuaahels Hao Go oon Hee ab COROT UCU DOT BOD 
IDEK AB Ooi ODOC OG Ga Oa OO OOOO 

1. Gasoline or kerosene engine. 

Make of engine and pump. 

Horse power of engine. 

Type of pump. 

Single or double acting. 

Cylinder diameter of pump. In. 

Stroke of pump. In. 

Gear ratio. 

Average speed of pump, r.p.m. 
2. Steam pump. 

Make and kind, 

No. of water cylinders and diam. In. 

Actual length of stroke. In. 

Average speed r.p.m. 

Boiler—Kind and size. 

Average steam pressure. 
3. Electric motor proposed. 

h.p. of motor. 

Speed. r.p.m 


Can present pump be used? 


tool motors. The arguments in favor of automatic con- 
trol are that it enables any operator to start the motor 
properly, that the motor control may be placed where 


PumpinGc PLant Data 


Ti@catlotineeisc cue ecicreis ite se + ous selerelekeferehe: ss susneteke 


Water used per day, max., gallons....-.../..+-- 
Water used per day, ave., gallons.....--..--- 
Water pumped per minute, ma llousmmemn teers it 
Flow of well per minute. gallons......-.------ 
Hours pumped per day, 
Average head: Discharge (static), ft.....------ 

Suction, ft. 

Friction, ft. 


‘otal ate 


Kerosene or gasoline used per hr., gallons...... 
Gals. per min. X T’l Hd.. Ft. 


Watetlh:pi a fee aes 
3957 
Brake hip. | Water Hep.) Pamplin rele «lire iehnscnoeie atic 
Brake h.p. X 746 
IW WelHoye Wahoo Whee UOT BUDO GUaDG Dojo ROC 
Motor Eff. 


For @ngine. ....... 
Wor moti trecrers see mts 


Brake h.p. hours per month. 
Motor kw. hr. per month. 


most convenient to the operator, and that with direct 
current motors dynamic braking may be used to stop 
the motor almost instantaneously when necessary. 


Pumpine PLant Data 


IDEN iGrily eer Ghols ome a b0s.g 10 Dose oUD Gast mor 
IDEA (SS ne AIEMEO AlN GG OG Cos S OOIBES cin'0, 0010 


Monthly Operating Costs: Present. Proposed: 


Kerosene els cictaneieisre gals. per month @ ........ (i OM eeintka: Siado opm ook! 
Gasoline, se ececeie sists gals. per month @ ........ (ey Eee co eo dereerou Dhan 
Laibs Soil” (recseectensve gals. per month @ ........ eae Sy PLS MONEE IO 
Cost of delivering oil to pump house... .-2..2--0 cee eere eee ee eee neces 
Goal enc ecctter- tons per month @ Gi qeccaesse cscs ae eben) | eleierele\s)c «1° 
Goal irt., cinomnehion eee cen (DiS yo eret. Moe iter. SoobGobnom ocaGabaeor 
Coal teaming and unloading at pump house ..--...+-. seeereeee 
Mlectatettyag aasmiciacree tener fee ie, MQ) Goonacae GLA osn'oaddaoo 
Supplies, sper montly gaye cece a cietetelere)seyetedetelonele) rate fei r=tsNal= (otis lor ioe Nar Elena 
IDEN, “Goer eciten oS a0 MpRaNecy (O) anscooehoungadnd  ocmododcc  o2GccmOoCS 
IREPaliSi ies sare sktatec ete eer eres GOES nakonst one ee Aye © ben nt ac ode Datasioeksioee 


Overhead Charges, «oo sews ele oe © oe i9leiaieloiere ere 
IMepreciation, Wnts sicseyer %o 
Interest and taxes, 6% on value per year...... 
Total smonthily) “costs, .m-risttaeie enter tension eer en 
Cost per gallon pumped... 2.05.26. 5. we bos 


siiatey seme int oil | [eevel lala pb igre le) 


Total cost 


In the case of direct current wheel lathe motors an 
added argument is that the motor may be momentarily 
slowed down by the means of push button control at 
times when the tool strikes a hard spot on the tire. 

The reversing planer motor is a recent adaptation of 
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automatic control, which is successfully used to speed 
up the operation of planers both for large and small 
work. For this equipment, a special motor is used that 
will stand starting, stopping and reversing at each stroke 
of the planer. With this control a great time saving 1s 
made by the readiness with which the cutting speed or 
the return speed may be regulated, each independently 
of the other by elimination of belt slip and by the quick- 
ness with which the operator can start or stop the motor 
either in the regular course of its duties or while setting 
up work. 
Elevator Control 

Automatic control is now being successfully used to 
operate both passenger and freight elevators. One seri- 
ous disadvantage in the use of automatic control ‘for 
freight elevators has been that if the car was adjusted 
to stop at the floor level when carrying a heavy load, 
it would not stop at the floor level when carrying a light 
load, making it hard to handle trucks in and out of the 
elevator. Elevator equipment can now be obtained, how- 
ever, having a small motor driving the armature of the 
main elevator motor at slow speed through additional 
gearing, and by using special leveling cams at each floor 
level so that when the car reaches the floor at which it is 
to stop the main elevator motor stops and the small level- 
ing motor then picks up the control, brings the car ab- 
solutely to the floor level, and holds it there. With the 
present high price of labor, such a device often means 
considerable saving. 

Electric Trucks and Tractors 

The use of electric tractors for freight house and simt- 
lar work has brought considerable saving to the rail 
roads and has grown rapidly during the last eight years 
Many new types of storage battery tractors have beet 
developed as well as new methods of freight handling 
The usual method of handling freight at a freight house 
where electric trucks are used is to load all of the freigh 
on four-wheel trucks instead of the usual hand trucks 
and use an electric tractor to haul trains of these truck: 
about the freight house as necessary. As the averagi 
freight house is open only in the daytime, all of the nigh 
is available for charging the storage batteries for thesi 
trucks. In houses where the trucks are in use most 0 
the day, batteries are given a boost during the moot 
hour to insure their being in condition for the rest of th 
day. This is important for the reason that in an ow 
freight house, especially, the heaviest work on the electri 
tricks comes near the close of the day when the batterie 
are partly discharged. 

In selecting electric truck equipment care must be take 
first to see that the electric tractor is of the proper typ 
and size to do the work, and that it is has the proper siz 
battery of the best type available, considering the kin 
of service; also that the charging plant is sufficiently larg 
to enable the trucks to be given a boost during the noo 
hour at a charging rate considerably higher than norma 
In case alternating current is the only kind available ¢ 
the freight house, motor generator sets or rectifiers mu! 
be used to charge the truck batteries, and care must t 
taken to see that any estimate on the cost of equippin 
a freight house with electric trucks includes this ite 
as well as the electric trucks and the four-wheele 
trailers. Where 110-volt direct current is available am 
several trucks are in use, it will generally prove mo! 
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advisable to charge the batteries in series upon the 110- 
volt circuit than to use motor generator sets. 

If the trucks are used on which the storage battery 
can easily be changed, it is sometimes advisable to furnish 
extra batteries so that these can be charged during the 
daytime while the trucks are in service. In the case of 
baggage trucks at a busy terminal, it is often necessary 
that each electric baggage truck be equipped with two sets 
of batteries so that the truck itself can be kept in service 
during the full 24 hours. 

Special types of electric trucks are available for use 
round shops, one of the most recent adaptations being 
he truck which has a lifting platform. When using such 
tucks, the material to be handled is loaded on small 
kids placed on the floor and the electric truck is equipped 
vith a low platform that slides under the skid. This 
latform is then raised up slightly through the use of the 
ruck motor so that the skid is raised from the floor and 
an be carried by the electric truck to the place desired. 

Lighting 

The rapid development of incandescent lamps within 
he last few years has added entirely new possibilities in 
he electric lighting field, and the intensity of illumina- 
ion which is recommended to be supplied has increased 
ear by year. From a railroad point of view, we see 
1 this two separate phases. First, utility lighting in 
hops, roundhouses, offices, yards, etc., where the lighting 
for the advantage of the railroad employees. Second, 
ghting that must have a certain decorative value, as rail- 
vad trains, stations, and such places where the lighting 
for the benefit of railroad patrons as well as railroad 
mployees. A study of the situation shows that in prac- 
cally every case the amount of light furnished is much 
reater than it was a few years ago. In the case of shop 
ghting, yard lighting, etc., it has been proved that by 
irnishing general illumination of sufficient intensity, the 
ficiency of the workmen is greatly increased as well as 
e quality of the output and the protection against acci- 
nts. Until recently it has been the custom to employ 

echanics for night work at roundhouses, etc., and expect 
em to do good work with the light of an oil torch. The 

cent increased cost of labor brought out the fact faster 
an it would otherwise have been brought out that it is 
solute economy to furnish proper lighting at such 
ints, especially where work is being done all night 
ng. The cost of electric lighting is a small item com- 
ted to the total cost of operating a shop, so that the 
lestion must be carefully considered at each shop as 
whether sufficient illumination is provided. A rec- 

d of eight years ago shows that as low as two foot 

ndles was recommended at that time for machine 

op lighting, whereas the latest recommendations are 
9m five to ten foot candles. By furnishing general 
umination of sufficient intensity the use of portable 
tds can largely be done away with. A portable cord 
Ss always been an expense to maintain, and the small 
np used with the portable cord, as well as the lamps 
ed for drop lights. have always been a source of ex- 
nse due to breakage and theft. By lighting the shop 
th large lamps located in suitable reflectors at a con- 
erable height above the floor, trouble due to lamp 
"akage, theft and lamp cord maintenance is done away 


th and at the-same time much better lighting is 
ained, 
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The only recent important addition to the available 
lamps is the bowl enameled gas filled lamp. This lamp 
is designed for use in the standard reflectors, the enamel- 
ing being to dispense with the glare caused by a bare 
gas filled lamp when placed low enough to be in the line 
of vision. 


Yard Lighting 


The use of large Mazda lamps has made possible 
lighting of large outdoor areas by the use of flood lights. 
A few years ago the method of lighting a hump yard, or 
in fact any freight yard, was to install rows of arc lights 
between the tracks or suspended over the tracks. At a 
later date the Mazda lamp superseded the arc lamp, still 
using the large number of lamps distributed through the 
yard. Now, by the use of a few flood lights located at 
proper points, much better illumination can be obtained 
and the cost of maintenance reduced. For a hump yard, 
a flood lighting tower located at the top of the hump 
will enable the car riders to see ahead of them almost 
as distinctly at night as in the daytime, and thus permit 
them to carry their cars as far from the hump as possible 
and yet avoid damage to the cars or contents. 

For the best results, these flood lights should be located 
not less than 50 feet from the ground and preferably at 
least 75 feet. For lighting the larger areas, 1000-watt 
lamps should be used, and the reflectors of the flood 
lights should be mirrored glass or metal that will not 
easily tarnish. This latter is a point that must be care- 
fully considered, as the average flood light does not get 
the attention that a locomotive headlight reflector re- 
ceives. In cases where one 1000-watt lamp is not enough 
to light a given area, the usual practice is to install a 
battery of several of these lamps. By slight changes in 
the focusing and position of the different reflectors, the 
light can be distributed over the proper area. The use 
of flood lights has the decided advantage of leaving the 
space to be lighted largely free from poles and overhead 
wires. In the case of a cinder pit, especially where the 
cinders are handled by a clam shell. the lighting has 
always been difficult and hard to maintain. The use of 
flood lights placed at cord has always been an expense 
to maintain, and the small lamp used with the portable 
cord, as well as the lamps used for drop lights, have 
always been a source of expense due to breakage and 
theft. By lighting the shop with large lamps located in 
suitable reflectors at a considerable height above the floor, 
trouble due to lamp breakage, theft and lamp cord main- 
tenance is done away with and at the same time much 
better lighting is obtained. 

The only recent important addition to the available 
lamps is the bowl enameled gas filled lamp. This lamp 
is designed for use in the standard reflectors, the enamel- 
ing being to dispense with the glare caused by a bare gas 
filled lamp when placed low enough to be in the line of 
vision, 

Mr. Gardner’s paper was concluded with a resumé 
of present practice in train lighting. 


Discussion 


E. W. Jansen, electrical engineer, Illinois Central, has 
mentioned that in one of the freight houses on the 
[linois Central there are eight electric tractors that 
handle an average of 1600 tons per day. The average 
train is 12 trailers, but 20 trailers may be handled by one 
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tractor. The freight house is long and narrow, extend- 
ing from South Water street to Madison street, about 
40 car lengths. Therefore, the use of tractors and 
trailers is especially applicable to this situation. 

The batteries of the electric baggage trucks are given 
u two-hour charge after the morning trains leave and a 
two-hour charge during the afternoon, and are charged 
during the latter part of the night. By this program full 
time service is obtained from the truck by the use of only 
one battery. 

Electrically operated air compressors have recently 
been installed in some of the freight yards to charge the 
train lines. These motors are automatically controlled, 
cutting out when air pressure is 90 lbs. and cutting in at 
7aulbs. 

In stations where three or four pumps or compressor 
motors are located, a practice has been made of using 
double throw switches and circuits so that only cer- 
tain motors can be run at one time; by such an arrange- 
ment a lower maximum power demand and correspond- 
ing lower power rate is secured. Of all motor troubles, 
°90 per cent are due to overloading, which is especially 
true at coal elevators. 

C. J. Causland, chief electrician, Pennsylvania, said 
that in one of the freight houses on the Pennsylvania 
there are 32 elevators which handle 2,500 to 3,000 cars 
of merchandise per month, on a 22 ft. lift. In spite of 
this immense amount of work accomplished the power 
consumed by the elevator motors is only one-fourth of 
that used for electric lighting of this freight house. 

Ernest Lunn, chief electrician, Pullman Company, 
spoke on the subject of train lighting as follows: “Mr. 
Gardner did not mention the electric floor lamps in the 
Pullman cars. For several years we tried floor lamps to 
illuminate the passageway after other lights were turned 
off at night. However, it was found that a white light 
gave too much glare, disturbing occupants in lower 
berths. One of the electricians at St. Louis tried a green 
globe which eliminated the glare. This particular car 
came to Chicago and a newspaper reporter had an article 
in the morning paper about it before the head of our 
car lighting department knew anything about it. The 
traveling public is quick to note any change in the in- 
tensity of illumination. We find that 3 to 4-ft. candles 
are required to give satisfaction. 

C. E. Fuller, superintendent motive power, Union Pa- 
cific, said the Union Pacific has used the head end system 
from the first. Perfect satisfaction is given by this sys- 
tem, and light failure percentage is practically zero. The 
position of the railroad is rather peculiar in that the pas- 
senger trains are delivered to it from the east and west 
made up and go through as units. As the connecting 
roads use the head end system, the Union Pacific, of 
course, does the same. It is his opinion that the head end 
is cheaper to install and maintain, but he said the axle 
system would be given consideration on a new installa- 
tion. A changeover has been considered many times. 

Mr. Fuller asked Mr. Gardner if it was more eco- 
nomical to use group drive than individual drive for 
shop machinery. 

Mr. Gardner answered in the affirmative, stating that 
by means of the group drive the motor is run at nearer 
the maximum load a greater part of the time. 

Mr. Fuller then asked if the cost of belts, shafting, 
etc., would not balance the cost of power saved. 
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Mr. Gardner said the group drive is cheaper for small 
tool bays and the power saved would more than pay the 
difference. 

Mr. Jansen continued the subject by saying that about 
two years ago they had an engine failure in one of the 
large shops on the Illinois Central, and a 100 hp. moto1 
was used to handle the load temporarily. One noon ¢ 
test was made which proved that the operation of the line 
shafting, loose pulleys and belting consumed 50 per ceni 
of the total power required. oe 

Mr. Fuller added the information that in one of the 
old shops on the Union Pacific there was a main shaf 
800 ft. long which consumed 60 per cent of the tota 
power required. % | 

G. F. Bunn, General Electric Company, said the ques 
tion of group or individual drive is a question to bi 
solved for each shop. A good program is to group thi 
drives in such a manner as to use the same sized motor: 
throughout. One spare motor can then be used to re 
place any motor that fails. The railroad, he said, migh 
well use the engineering talent offered by the manufac 
turers, who are glad to furnish engineers to study specia 
problems before an equipment is purchased. 

L. S. Kinnaird, superintendent of motor power, Chi 
cago & Eastern Illinois, said long shaft drives requir 
as much as 62 per cent of the power, while short shaf 
drives use as low as 15 per cent. In modern shops, belt 
and shafting are eliminated to permit the use of overhea: 
cranes ; however, on light machines this need not be con 
sidered. It is considered more economical to group thi 
smaller machines and in this way keep the motor a 
nearly load. 

Mr. Gardner added that in one of the shons on th 
Burlington, when motor drive was installed the line shaft 
ing was lined up on adjacent drives so that in case 0 
one motor failure the shafting could be connected ani 
run from the next motor. 

Mr. Jansen concluded the discussion by saying that 1 
roundhouses and shops plenty of receptacles of the safet 
type should be provided to eliminate long portable con 
nections for welding, riveting and portable drillin; 
machines. 
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The Architecturally Beautiful Railway Station at Metz, Lorraine 
France—Formerly Metz, Germany 


Electrical Interference by Propulsion Circuits: 


The Extent to Which This Trouble Occurs on Communication and 
Signal Lines and the Steps Taken to Overcome It 


ECOMMENDED practice for eliminating, so far as 
R practical, interference with telephone, telegraph 

and signal lines caused by propulsion currents and 
adjacent transmission lines, was the subject upon which 
one of the sub-committees of the Committee of Electricity 
reported at the recent convention of the American Rail- 
way Engineering Association at Chicago. 

The activities of the committee during the year have 
been based primarily on the securing of information re- 
quested by a questionnaire framed as follows in order 
to obtain basic general data from which it is hoped that 
the committee may later draw conclusions which will be 
recommended to the Committee on Electricity, and 
through them to the association for approval: 


1. Inductive or electrical interference from transmis- 
sion and distribution systems on telegraph, telephone and 
signal circuits. 

(a) Under normal conditions, 
(b) From short circuits or grounds. 

2. Electrical interference as affecting the safety of em- 
ployees and the public, with special reference to the kind 
and extent of trouble experienced. 

3. What electrical interference troubles have you 
been able to trace to electrolytic conditions ? 


In connection with the answers to the above questions, 
it is desired that complete and detailed data as to inter- 
ferences, with reference to the specific kind. of trouble 
experienced, be submitted with a view that the committee 
may analyze and tabulate the answers submitted by the 
railway company; and in submitting the above data, the 
committee desires that the method employed to over- 
come these interferences be set out in detail, both in con- 
nection with the power systems, the railway telegraph 


*Abstracted from the report of the Sub-committee on Electrical Interfer- 
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and telephone systems, and the commercial communica- 
tion systems. 

It should be realized that, in order to make an intelli- 
gent survey of the data submitted, each railway should 
forward general information as to the type of installa- 
tion of electrical apparatus, track construction, local 
climatic conditions, nature and amount of traffic, and 
method of controlling power circuits; and the answers 
should be accompanied by diagrams showing railway cir- 
cuits and parallel circuits, as far as possible. 

The above questionnaire was forwarded to the New 
York, New Haven & Hartford Railroad, the Pennsyl- 
vania System, the Long Island Railroad, the Norfolk & 
Western Railway, the Southern Pacific Company, the 
Great Northern Railway, the Erie Railroad, the Chicago, 
Milwaukee & St. Paul Railway, the New York Central 
Railroad, and the Public Service Railway (New Jersey). 

The information which has been received in answer to 
the questionnaire to date summarize as follows: 


New York, New Haven & Hartford Railroad 


The electrified zone of the New York, New Haven & 
Hartford Railroad extends between New York and New 
Haven, a distance of about seventy-two miles, of four- 
track and six-track railroad. Both passenger and freight 
service is handled electrically, and the traffic is very dense, 
especially during the early morning and late afternoon 
hours. 

The installation is single-phase, eleven-thousand volt, 
twenty-five cycle, fed from one power plant, at Cos Cob, 
with an auxiliary feed-in plant at West Farms. 

Auto transformers with a ratio of 1 to 2 at the power 
stations step up the voltage from 11,000 volts (at the 
generator terminals) to 22,000 volts. The center point 
of these transformers is grounded to the rail; one ter- 
minal is connected to the trolley wires, and the other to 
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feeders. The voltage between trolleys and feeders is thus 
22,000 volts and between feeders or trolleys and ground 
only 11,000 volts. 

- At various points along the right-of-way, at intervals 
of approximately four: miles (dependent on the load con- 
ditions), auto transformers are connected between the 
trolley and feeder phases, the neutral point of these auto 
transformers being connected to the rail. 

The system is thus virtually analogous to the common 
Edison three-wire system, the load being balanced 
through the line transformers. The benefits of 22,000- 
volt transmission with 11,000-volt distribution are thus 
obtained. 

In addition to the main line electrification, there is a 
short. stub-end section of single-track branch line, fed 
from the main line, which has been experimentally 
equipped with “boost transformers.” The primaries are 
connected around section breaks in the trolley and the 
secondaries around insulated joints in the rails. These 
transformers act to keep the return current in the rails 
and have been successful in eliminating interferences 
from induction. The system is similar in principle to 
that applied in connection with the Pennsylvania Rail- 
road (Philadelphia to Paoli) and Norfolk & Western 
Railway electrification. 

The communication circuits are cabled in the Electri- 
fied Zone. | 

In order to conform to the requirements of the com- 
mercial companies and thus to allow connection with com- 
mercial switchboards, this cable line was built with a 
minimum separation of ten feet from any high tension 
circuit, and no aerial crossings over or under high ten- 
sion lines were allowed. 

The cable is made up of 45 pair, paper insulated, lead- 
covered No. 10, No. 13: and No. 16 gage conductors. 
The lead sheath is thoroughly grounded at frequent in- 
tervals which eliminates all trouble from electrostatic 
induction. The total distance is seventy-two miles, fifty- 
six miles of which is aerial construction. Where there 
are physical high-tension crossings or where the right- 
of-way is so restricted that the required clearance is 
not obtainable, the cable is run in underground conduit. 
The aggregate length underground is sixteen miles. 


In the cable there are the following classes of telephone 
service : 


(1) 
(2) 
(3) 


Train dispatching circuits, equipped with 
selectors. 

Load dispatcher (power director) circuits, 
similarly equipped. 

Tie lines for handling general business be- 
tween New Haven and New York, and 
from each of these points to intermediate 
private branch exchanges located at 
Bridgeport, Stamford and Cos Cob, all 
connected with commercial outside cir- 
cuits, 

Local telephone circuits connected with all 
signal bridges more than 1000 feet distant 
from towers or stations. 


(4) 


The train dispatching circuits between New Haven 
and New York are No. 10 non-loaded circuits. Those 
operating between New York and South Norwalk and 
the Load Dispatcher’s circuits east and west of the Cos 
Cob power plant are No. 13 non-loaded circuits. The 


RAILWAY (EVECTRICAL ENGINEER 


Vol. 12, Nowe 


telephone tie lines between New York and New Haven, 
handling connections between New York and Boston 
and other points north and east of New Haven, are 
medium loaded No. 13 gage. 

The tie lines from New York to New Haven and in- 
termediate private branch exchanges are No. 16 gage, 
medium loaded. The local power circuits are No. 16 
gage non-loaded. 

Under normal operating conditions all classes of these 
telephone circuits are quiet, and no trouble of any kind 
is experienced. However, on occasions of heavy short 
circuits on the traction system, so-called ‘acoustic 
shocks” have been experienced, and in order to mini- 
mize these, drainage coils have been installed at various 
points along the line, these coils consisting of resistance 
or condensers in series with retardation coils. ; 

Occasional trouble due to high ground potential is ex- 
perienced during especially severe short circuits in the 
traction system. 

Repeating coils have been installed at each of the 
private branch exchanges between the cable conductors 
and the switchboards. The protection on the line side of 
the repeating coils is the same as that used at way 
stations on the dispatching circuits (2,000-volt), while 
350-volt protection is installed on the switchboard side 
of the repeating coils. 

Loud-speaking receivers are being installed in the 
dispatcher’s offices where acoustic shocks present the 
greatest difficulty. 

Active tests are being made in connection with both 
the new telephone cable and the high tension trans- 
mission system, with a view to obtaining a quantitative 
analysis, and much valuable data is being collected in 
connection with these tests. 

No difficulty has been experienced affecting the safety 
of employees or the public, except the above mentioned 
occasional acoustic shocks. 

The electrified zone runs through a_ particularly 
thickly settled district with trolley lines paralleling the 
railroad the entire distance. Some electrolytic trouble 
has been noted in water pipes and lead-covered cables. 
This, however, is due entirely to outside stray currents 
and no difficulty has been noticed in connection with the 
A.C. traction circuit. 

No trouble which can be charged to induction has been 
experienced in connection with the automatic signals. 


Pennsylvania Railroad 


Paoli Electrification —tThe Paoli electrification extends 
for a distance of 21.3 miles from Broad Street, Phila- 
delphia. Power for the operation of the system is ob- 
tained from the Philadelphia Electric Company and de- 
livered to the Arsenal Bridge Substation at 13,200 volts, 
25 cycle, three phase. At the Arsenal Bridge Substa- 
tion, which is about a mile west of the electrification, 
the power is stepped up to 44,000 volts single phase. 
Step-up transformers are Scott connected, one phase of 
the high potential side supplying power for the Paoli 
electrification and the other side for the Chestnut Hill 
Branch. 

There are three step-down substations for supplying 
power to the Paoli electrification as follows: 

West Philadelphia. 
Bryn Mawr. 
Paoli. 
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At the above substations the 44,000-volt power is stepped 
down to 11,000 volts and supplied to the trolley system. 

At the Arsenal Bridge substation the middle point of 
the 44,000-volt windings on the step-up transformers is 
grounded through a grid resistance which limits the flow 
of current in case of grounds on the 44,000-volt trans- 
mission lines. 

The trolley system is sectionalized at each substation. 

Booster transformers were installed to prevent the 
leakage of current from the rails into the earth. The 
primaries of these transformers are connected across 
section breaks in the trolley system and the secondaries 
are connected across impedance bonds used in connec- 
tion with the signal system. It was found that the 
booster transformers were of little value and practically 
all of them have been removed. 

All telephone and telegraph circuits are underground, 

Tests made showed that under operating conditions it 
was desirable to provide some means for limiting the 
amount of current which would flow through relays on 
the telegraph circuits causing the relays to chatter. A 
comparatively simple remedy was found in the use of 
resonant shunts, and with them complete protection with 
induced voltages as high as 120 volts was provided. 
These shunts operate also successfully with composite 
and duplex Morse circuits and with printing relays. The 
reactance and capacities making up the resonant shunt 
are so selected that the shunt is resonant to 25-cycle 
current, thus providing a bypass for current of this fre- 
quency and preventing damage to the relay. 

On local or way circuits it was found that anti- 
resonant shunts located at the ends of circuits afforded 
the desirable protection. This shunt operates as an im- 
pedance to 25-cycle current, thus limiting the flow of 
current through the relay. 

In order to provide against the receiving of shock by 
persons using telephone instruments all metal parts of 
instruments with which persons could come in contact 
are insulated. Wooden platforms are provided on which 
persons using telephones may stand. Magnetic telephone 
wall sets are used. The protector used on this circuit 
is reliable between 350 and 700 volts. 

Relays are installed in exchanges to balance up circuits 
to prevent noise. No electrolytic troubles have been ex- 
perienced. 

Chestnut Hill Electrification—The Chestnut Hill elec- 
trification extends for a distance of 13.2 miles from 
Broad Street. Power is supplied from the Arsenal Bridge 
substation to West Philadelphia substation, 1.1 miles 
from Broad Street. The North Philadelphia substation 
is 4.3 miles from West Philadelphia and the Allen Lane 
substation is located 5.34 miles from the North Phila- 
delphia substation. These substations are supplied with 
44,000-volt single phase power, the same as the substa- 
tions on the Paoli electrification. 

Before the Chestnut Hill branch was put into opera- 
tion extensive tests were made in conjunction with the 
telephone and telegraph department of the railroad and 
the American Telephone and Telegraph Company. .The 
result of these tests was that the installation of booster 
transformers was unnecessary, as sufficient protection 
against interference could be obtained by the use of the 
same apparatus as was used in the case of the com- 
municating. circuits on the Paoli electrification. The 
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Chestnut Hill branch has been in operation for over 
two years and no trouble has been experienced on tele- 
phone and telegraph circuits. 

The telephone and telegraph service at Philadelphia 
is excellent and, in fact, much better than it is in some 
locations where there is no electrification. It 1s not con- 
sidered that the electrifications into Broad street are the 
cause of any interference to the communicating system. 

No trouble which can be charged to induction has been 
experienced in connection with the automatic signals. 

During the last year and a half considerable trouble 
has been experienced on communicating circuits between 
Camden and Trenton. The railroad between these points 
is operated by steam, and is paralleled for the greater 
part of the way with a Public Utilities transmission line 
operated at 26,000-volt, three-phase, 60-cycle. Power is 
supplied to transmission lines from the power station 
about midway between Camden and Trenton. In a great 
many instances grounds on the transmission lines have 
caused considerable trouble on the railroad company’s 
communicating circuits. Protectors have been broken 
down, fuses blown and in some instances operators have 
received a bad acoustic shock. Trouble has also been 
experienced on the Postal Telegraph Company’s lines. 
The cause of this trouble is being investigated and it | 
is expected that the installation of suitable relays to pro- 
vide a very rapid opening of circuit breakers will mini- 
mize the trouble experienced. 

No electrolytic troubles have been experienced. 

New York Terminal_—The power for the operation of 
the Pennsylvania system is supplied from the Power 
House in Long Island City.to four (4) transformer sub= 
stations similar to those of the Long Island Railroad. 
The transmission lines are cabled to the substation on the 
Jersey side and beyond this they are open wires and are 
not transposed. The telephone and telegraph circuits 
are cabled to the same point and beyond this they are 
carried on a pole line as open wires on the opposite side 
of the right-of-way. No trouble is experienced on the 
communicating circuits under normal operation and in 
cases of short circuits or grounds on the transmission 
lines there has not been any trouble. Considerable 
trouble has been experienced from electrolysis. Several 
cables have become defective and it is necessary to con- 
stantly watch the potentials of cable sheaths and under- 
ground structures to prevent damage. There has been 
no interference with the signal system. 


Long Island Railroad 


The power system of the Long Island Railroad con- 
sists of three-phase alternating current transmission at 
11,000 volts, 25 cycles, rotary converter substations con- 
verting this A.C. power to D.C. power at 675 volts 
and the distribution systems consisting of third rail posi- 
tive circuits and track rails bonded for return circuit. 
Power for the entire system is supplied by the Power 
House of the Pennsylvania Railroad in Long Island City, 
which Power House also furnishes power for the opera- 
tion of the New York terminal of the Pennsylvania 
Railroad. There are 15 rotary converter substations at 
various points about 3 to 8 miles apart, the most dis- 
tant substations being located a little over 20 miles from 
the power house. 

The transmission system consists of three-phase cir- 
cuits operated at 11,000 volts: The neutral of the system 
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is grounded at the power house through a resistance, 
but is not grounded at any other point. The voltage 
from each phase to neutral is, therefore, approximately 
6,000 volts. The feeders of the transmission system are 
both overhead and underground and for the most part 
consist of 250,000 c. m. copper conductors. The under- 
ground feeders are three conductor paper insulated lead- 
covered cables. 

The overhead feeders are not transposed. In some 
cases, the three conductors of a feeder are spaced to 
form an equilateral triangle. In other cases, the three 
conductors are arranged in vertical formation, one above 
the other. 

The distribution system consists of over-running con- 
tact third rail, the majority being of high capacity equiva- 
lent 071,600,000 or 2.400000sem, «The direct current 
feeders are usually short, being tapped into the third 
rail directly opposite the substations. The track rails 
suitably bonded with copper bonds are used for the 
retiirn -circtutt, 

The transmission feeders are paralleled by telegraph 
and telephone circuits throughout almost their entire 
length. Where aerial construction is used, the trans- 
mission circuits are carried on a pole line on one side 
of the right-of-way and communication circuits on a 
pole line on the other side of the right-of-way, the dis- 
tance between the two lines varying from 30 feet, with 
a single or two track right-of-way to 60 or more feet 
with a four-track right-of-way. In one section, for a 
distance of approximately four miles, the communication 
circuits are carried on the same pole line as the trans- 
mission circuits. The telephone circuits in this instance 
are not brought into the main telephone exchange simply 
as a matter of precaution. The open-wire telephone 
circuits are transposed at regular intervals, usually about 
8 per mile. In some cases telephone and telegraph cables 
are routed in the same conduit system as transmission 
cables. 

Under normal conditions, there is no perceptible in- 
terference of an inductive nature on communication cir- 
cuits. There are occasional troubles due to circuits be- 
coming unbalanced, due to one cause or another, but 
these are usually of short duration. The fact that al- 
most the entire load connected to the transmission sys- 
tem consists of three-phase rotary converters tends to 
keep the transmission system in balance. 

Under abnormal conditions, such as short circuits or 
grounds on the transmission system which are of suf- 
ficient proportion to trip out one or more high tension 
feeders, the unbalanced condition of the transmission line 
affects the communication circuits to some extent. The 
chief cause of this trouble seems to be due to the neutral 
being grounded at the power house. When a ground 
occurs on a phase of the transmission system, the current 
seeks a return path through the ground to the power 
house. In numerous cases it has been found that the 
potential of the ground has been raised near the scene 
of trouble to such an extent that the protective devices 
on the communication circuits are broken down and 
ground current takes this means of returning to the 
power house. At times of short circuit or ground exces- 
sive noise is always manifest in the telephone circuits 
caused by induced currents. These currents also ring 
bells, throw the drops on the switchboards, cause chat- 
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tering of telegraph relays, etc. When ground is removed 
through opening of power circuit breakers, conditions 
again become normal. 

No trouble has been experienced on the communica- 
tion circuits due to electrical interference from the dis- 
tribution system, 

No troubles have been experienced from electrical 
interference which have affected the safety of employees 
and equipment. 

Considerable trouble has been experienced through 
failute of paper insulated telephone cables as a result 
of electrolytic action. These cables run in a conduit 
system which parallels the electrified tracks for a dis- 
tance of over, eight miles. For part of this distance the 
conduit system is also paralleled by large water mains. 
Other water mains as well as tracks of trolley roads cross 
the conduit system at frequent intervals. Troubles from 
this source have been reduced through frequent electro- 
lytic tests and surveys and the installation of drainage 
bonds, etc., but all of these have not yet been entirely 
successful in overcoming the electrolytic action. 


Norfolk & Western Railway 


The Norfolk & Western Electrification is 11,000-volt, 
single-phase, 25-cycle, using overhead catenary trolley 
with 44,000-volt duplicate, single-phase transmission 
circuits feeding power from a steam power house to five 
substations located at intervals from 6 to 8 miles apart. 
The electrified -territory extends from Bluefield west to 
Vivian, about 30 miles, with two short branches .north 
and south from Bluestone to Pocahontas and Clift Yard 
near Simmons. The main power house is located at 
Bluestone. The line generally is double track with stone 
ballast, and bonding is maintained in first-class condi- 
tion. The local climatic conditions are generally favor- 
able as the electrification is located about 2,500 feet above 
sea level where the air is reasonably dry and free from 
damp, salt atmosphere. 

The traffic handled is mostly heavy coal tonnage, the 
average being from 15 to 20 trains eastbound per day. 
A certain amount of passenger and merchandise freight 
movement is assisted by the electric locomotives. Due 
to the nature of the traffic, all heavy freight trains being 
tun as extras, the power house operation is irregular, 
the maximum load varying from 2,000 or 3.000 to 25,- 
000 kw. in a short time. It may be noted that a standard ~ 
freight train requires 12,000 hp. to accelerate on heavy 
grades. 

The company’s telephone and telegraph circuits are 
open wire along the company right-of-way and form a 
close parallel to the trolley and transmission circuits. 

Under normal conditions, the inductive interference 
on telegraph circuits has been overcome to a very large 
extent by installation of 25-cycle, alternating current 
drainage shunts connected to telegraph relays. This in 
conjunction with the special booster transformer instal- 
lation on traction circuits has cut down interference to — 
a minimum. | 

In’ company telephone operation, the metallic telephone 
circuits pick up slight induction from harmonics in the 
60-cycle signal transmission circuit, but no such trouble 
is experienced from the 25-cycle power used in traction. 
Under normal conditions, this induction is not severe 
and does not interfere with the operation of telephone 
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circuits. No special provisions are made to prevent inter- 
ference other than special transposition, 

In the case of signal operation it is difficult to separate 
normal conditions from abnormal conditions, but gen- 
erally speaking, under normal conditions, very little 
trouble is experienced. 

Even under abnormal conditions, such as flash-overs, or 
voltage surges, no cases are on record of telegraph pro- 
tectors being burned out. In telephone circuits, an ab- 
normal condition such as ground or flash-over on the 
trolley or transmission circuits usually causes a surge 
creating an induced voltage on telephone circuits suf- 
ficient to operate protectors. This surge may rise to a 
little over 200 volts as compared with a normal induced 
voltage of 70 or 8&0. 

In signal operation under abnormal conditions, some 
of the signal appliances such as track relays, track 
transformers, fuse holders and reaction coils are burned 
up. Such cases are relatively infrequent. 

No trouble of any sort has been experienced which 
can be attributed to electrolytic conditions. 

As previously stated, inductive interference on through 
telegraph circuits has been overcome very largely by 
installation of 25-cycle, alternating current drainage 
shunts, consisting of retarding coils with condensers. 
Shunts have not as yet been installed in local stations 
on way wires. 

The only direct protection on railroad telephone cir- 
cuits is transposition. 

As regards protection to signal apparatus, experiments 
are now being carried out with a section of electrification 
where the structures have been bonded to the running 
rails and this apparently gives protection to the signal ap- 
paratus ; however, the experiments are not yet far enough 
advanced to make a definite decision. While it is be- 
lieved the operation will be successful with clean bal- 
last, it is somewhat doubtful whether the results will 
be as good with excessively dirty ballast, and it has not 
yet been settled whether the arrangement under trial 
gives complete broken rail protection. 

The general scheme of protection against electrical 
interference is the installation of track or booster trans- 
formers, which are located on signal bridges, the pur- 
pose of these transformers being to prevent the current 
in the rail from flowing into the earth and causing dis- 
turbances on adjacent telephone and telegraph circuits. 

As regards commercial concerns, the lines of the Blue- 
field Telephone Company approach within short distances 
of the track a various points. 


Great Northern 


The power required for the Great Northern Railway 
is developed at their hydro-electric plant located at Tum- 
water, Washington. The transmission lines extend from 
that point to a point a little west of Cascade Tunnel. 
This transmission line parallels the pole line which sup- 
ports the telegraph and signal line circuits, generally at 
a distance of from 80 to 90 feet. 

The transmission line consists of two parallel circuits, 
each having three conductors operating at 33,000 volts. 
The trolley is a three-phase system, using two trolley 
wires and the rail for the three conductors. The work- 
ing potential is 6,600 volts, 25 cycles. Within the Cascade 
Tunnel the separation between transmission line and 
communicating circuits does not exceed 20 feet, and for 
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some time after the installation of the transmission lines 
trouble was experienced from inductive interference on 
the telegraph circuits. When electric locomotives were 
first operated it was found that the interference was so 
great as to prevent the use of telegraph wires whenever 
a train moved through the tunnel. The trouble was reme- 
died by installing a new twisted pair, steel armored, com- 
munication cable. After installing the new cable no fur- 
ther inductive interference was experienced. The cable 
removed was parallel laid and had no steel armor. 

No inductive interference has been experienced with 
the electric train staff system installed in this territory. 


Erie Railroad 


Interference occurs in a section 19 miles north of a 
transformer station located at Avon, N. Y., and 15 miles 
south thereof. Specifically, between Rochester, N. Y., 
and Mt. Morris, N. Y., the railroad is paralleled for 14 
miles north of Avon by a 60,000-volt, three-phase, 25- 
cycle transmission line, and the entire 34-mile section 
mentioned is equipped with a 11,000-volt, 25-cycle, single- 
phase distribution line (trolley wire). The telegraph 
pole line carrying four telegraph wires and one or two 
telephone circuits has a mean separation from the trolley 
wire of about 30 feet and from the transmission line of 
60 or 70 feet. 

Under normal conditions no appreciable disturbance 
arises from the transmission line, but induction from the 
11,000-volt, single-phase line is heavy on all single tele- 
graph wires which come into the section. Three of the 
wires running south from Rochester leave the electrified 
section at Avon, one going west 66 miles to Buffalo, and 
two going southeast 76 miles to Corning, N. Y. All of 
these carry the induced currents with slight diminution 
to their terminals. A fourth wire goes through both the 
section north of Avon and that south, unworkable at 
times, while a telegraph loop which exists in the south- 
ernmost six miles of the section south of Avon, or from 
Mt. Morris to Geneseo, is not affected. This loop works 
on a circuit which runs east and west of Mt. Morris 
on a foreign railroad. 

Under abnormal conditions, such as short circuits and 
grounds, the troubles referred to above are accentuated. 

No trouble has been experienced from electrolysis. 


New York Central Railroad 


On the West Shore branch of the New York Central 
line, for approximately 115 miles, a 60,000-volt, three- 
phase, 60-cycle, transmission line parallels the railroad 
communication circuits, generally on the opposite side of 
the track with an average separation of about 60 feet. 
There is no inducive interference under normal opera- 
tions. Originally the transmission line was transposed 
throughout its length, but recently some of these trans- 
positions have been removed without bad effect. Under 
abnormal conditions, due to grounds, broken wires, etc., 
severe surges are induced in railroad communication lines. 
Communication lines have standard transpositions. 

On the Falls Road Branch a transmission line of 11,- 
Q00-volt, three-phase, parallels the telegraph and tele- 
phone lines between Albion and Knowlesville, a distance 
of about 5.6 miles. The two lines are within conflict 
at certain points and trouble has only occurred due to 
contact. 

On the Walkill Valley branch the railroad communica- 
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tion circuits are paralleled by a 22,000-volt transmission 
line for a distance of about 20 miles, The power line is 
on the same side of the railroad right-of-way as the 
telegraph and telephone lines for a distance of about 3% 
miles. This circuit has interfered with normal operations 
due to irregular power circuit inducing hum on _ the 
dispatcher’s circuit. 

On the Phcenix branch, between Woodward and 
Pheenix, a three-wire transmission line parallels the rail- 
road communication circuits and has been the source 
of considerable trouble in connection with the mainte- 
nance of the railroad communication circuits on account 
of high induced voltages. 

In the electric zone of the Grand Central Terminal 
from New York to Harmon and from Mott Haven to 
North White Plains 11,000-volt, three-phase, 25-cycle, 
alternating current is transmitted to 9 substations; from 
Bronx Park to North White Plains and from Putnam 
Crossing to Ossining in aerial lines and the remainder 
of the transmission line in cables. The telephone and 
telegraph lines are in cables in the same sections where 
power line is cabled. In other sections the communica- 
tion lines are part cable and part open wire on the oppo- 
site side of the track from the transmission line. There 
has been no electrical interference with communication 
or signal service. 

The propulsion circuit, 660-volt D.C., is led through 
an under-running third rail. By the sectionalizing of the 
lead sheaths of communication cables the effect of elec- 
trolysis has been practically eliminated. 


Chicago, Lake Shore & South Bend Railway 
The Chicago, Lake Shore & South Bend Railway, an 


interurban passenger and freight electric railroad, ex- 
tends from Kensington, Illinois, the junction with the 
Illinois Central Railroad, to South Bend, Indiana, a dis- 
tance of approximately 75 miles.. The main power plant 
is at Michigan City. From this point there is a 33,000- 
volt, single-phase, 25-cycle transmission line east to the 
substation at Terre Coupee. From Michigan City west 
there is a 33,000-volt, single-phase, 25-cycle line to the 
Calumet substation in East Chicago, and on the same 
pole line as far as the Calumet substation, a 33,000-volt, 
three-phase, 60-cycle line between the Michigan City 
power house and the Northern Indiana Gas & Electric 
Company’s power house in East Chicago. 

Trolley is energized at 6,600 volts, 25 cycles, single- 
phase, and is fed from the main power house and the 
two substations. 

The railway company’s communication and signal cir- 
cuits are carried on the same pole line as the trans- 
mission circuits, and it is stated that no trouble on these 
communication and signal circuits has been experienced 
under normal conditions. 

The Postal Telegraph & Cable Company’s line parallels 
the Chicago, Lake Shore & South Bend Railway west of 
Michigan City between West Blair Farm and Baileytown, 
a distance of approximately 13% miles with a separation 
of 90 feet to 375 feet, and between Dune Park and Aetna, 
a distance of approximately 6 miles with a separation 
of 75 feet to 600 feet. 

Under normal conditions no serious interference is ex- 
perienced on the Postal Telegraph duplexes. 

Under abnormal conditions, however, due to short cir- 
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cuits and grounds, momentary troubles are experienced 
on telegraph circuits. It is stated that the greatest 
trouble is experienced when the Chicago, Lake Shore & 
South Bend cut out their 33,000 volt line and carry the 
whole load on the system from the 6,600 volt, single 
phase trolley. At such times serious trouble on the tele- 
graph circuits is experienced. Nothing has been done 
by the Postal Telegraph Company which eliminates these 
conditions. 

It is stated that no trouble has been experienced af- 
fecting the safety of employees or the public, nor has 
any trouble been experienced that could be traced to 
electrolytic conditions. 


Conclusion 


The Committee has not completed its examination of 
the subject and has in its files detailed data available for 
tabulation and proposes, after obtaining additional in- 
formation from other sources, to prepare a statement 
showing comparative results, from which conclusions 
may be drawn. 


Specifications for Material for Welding 
Mild Steel 


[ee following are specifications for welding material 

compiled for the railroads by the American Welding 
Society. These specifications deal only with material for 
welding mild steel. Others to be brought out later will 
deal with high carbon steel and with non-ferrous metals. 


Electrodes, Iron and Steel (Bare) 


1. General: The following specifications prefixed by the 
letter E are recommended for the purchase of all bare 
iron and steel electrodes for use in arc welding. 

2. Scope: The electrodes herein specified are reconi- 
mended as covering the usual railroad, shipyard and in- 
dustrial requirements as are allowed by authoritative reg- 
ulating bodies, such as the American Bureau of Shipping 
and the Interstate Commerce Commission, etc. 

3. Material: Material made by the puddling process is 
not permitted. 

4. Physical Properties: Electrodes shall be made of 
commercially straight wire of uniform homogeneous 
structure, free from irregularities in surface hardness, 
segregation, cxides, pipes, seams, etc. Diameter shall not 
vary more than plus or minus 3 per cent from diameter 
specified. | 

5. Nomenclature: The use of the prefix letter E is to 
indicate that the material is intended for electric welding. 

6. Chemical Composition shall be within the following 
limits for mild steel. 

MILD STEEL 


No. ELA 
Carbon: vntae mane eae hie ne: » RL oe eee not over 0.06 of one per cent 
Manganese Et0.6) see di-cnae etede siete sae ae not over 0.15 of one per cent 
Phosphorus: ‘seer eee okie not over 0.04 of one per cent 
Sulphur (ii. anjle stn heaags ae Gomes lg he La not over 0.04 of one per cent 
ili COM: 4s, cei weather eee ER ee eee not over 0.08 of one per cent 
No. E1B 
Carbon gin sci 6 no Ce Ee cee 0.13—0.18 of one per cent 
Mahganese. nh fee cian yee te eee ee 0.40—0.60 of one per cent 
Phosphorus 25) acre ie eee Sie: not over 0.04 of one per cent 
Sulphur 03). n 21a eee Soe ee eer not over 0.04 of one per cent 
Silicon” 2c wascat ein tes one not over 0.06 of one per cent 


7. Recommended Sizes: 3/32, ¥%, 5/32, 3/16 inch 
diameters. 
8. Uses: For welding mild steel, structural shapes, — 
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plate, bars or low carbon steel forgings and castings. 

9. Note: Under the heading “Mild Steel’ two analyses 
of material are specified, both of which are manufactured 
and acceptable. 

10. Surface Finish: The surface shall be smooth and 
free from rust, oil or grease. 

11. Tests: In the hands of an experienced welder elec- 
trodes shall demonstrate good weldability and shall pass 
through the arc in flat and overhead positions smoothly 
and evenly without detrimental phenomena. 

12. Packing: Electrodes shall be delivered in coils or 
in straight 14-inch lengths, packed and wrapped as 
follows: 

(a) Bundles of 50 lb. net weight, securely 
wired and wrapped in heavy weather- 
proof paper. 

(b) Bundles of 50 lb. net weight, securely 
wrapped in heavy burlap. 

(c) Boxes or kegs of 100, 200 or 300 Ib. net 
weight and wrapped as per para- 
graph (a). 

(d) Boxes or kegs of 100, 200 or 300 Ib. 
net weight, and wrapped as per para- 
graph (b). 

(e) Coils of approximately 50 or 100 Ib. 
net weight, and wrapped as per para- 
graph (a) or (b). 

13. Marking: All bundles, coils, boxes or kegs shall be 
provided with a metal tag wired or nailed on the outside 
bearing the following information : 


UU CoRR ee be aoa Page 
Specie N@rmerers cn, niomies «6 
JOT. Taco 3 ae 
INCovae be aly 302 6 le, ean ee 


14. Ordering: Material ordered under these specifica- 
tions shall be known as: 

“Electrodes, iron and steel bare American 
Welding Society Specifications No. 1, issued 
eri) 1.1920" 

All orders should be specified in pounds. 

In addition, requisitions shall show the fol- 
lowing: 

Specif. No. 
Size 
Packing 


As a guide in ordering, the following information is 
of use: 


Size,inches ..,..... ts or \% vr ts YU 
Lb. per 100 ft..... 1.04 2.3 4.1 6.5 9.3 16.7 
Feet per 100 Ib.... 9,615 4,273 2,403 E537 1,067 600 

CUE "3 Cee aeons e 63 94 125 156 188 250 


Oxy-acetylene Welding Rods 


1. General: The following specifications, prefixed by 
_the letter G, are recommended for the purchase of all iron 
and steel welding rods for use in gas welding. 

2. Scope: The welding rods herein specified are recom- 
mended as covering the usual railroad, shipyard and in- 
dustrial requirements as are allowed by authoritative reg- 
ulating bodies, such as the American Bureau of Shipping 
and the Interstate Commerce Commission, etc. 

3. Material: Material made by the puddling process is 
not permitted. 

4. Physical Properties: Welding rods shall be made of 
dead soft annealed commercially straight wire of uniform 
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homogeneous structure, free from irregularities in sur- 
face hardness, segregation, oxides, pipes, seams, etc. 
Diameter shall not vary more than plus or minus 3 per 
cent from diameter specified. 

5. Nomenclature: The use of the prefix letter G is to 
indicate that the material is intended for gas welding. 

6. Chemical Composition shall be within the following 
limits for mild steel: 


MILD STEEL 


No. G1A 
Caron greets fetta oe) oats cers, «3.5 Sher Dec Shs ease sen not over 0.06 of one per cent 
IManGanGs centre titra rcccs «Sos Chl hale Gruye. «fond Sheets not over 0.15 of one per cent 
PHOSPHORUS seer dee cn cieeyg: > s.6 Stentas erate. sy sue anermeene not over 0.04 of one per cent 
Sulplurepesereme cee ies: <0 & era etle. Fa, eRe not over 0.04 of one per cent 
SSHAIOENY. 5 c, eats Gold S cid tnt Scan OnRen Ie cic mete Geek a not over 0.08 of one per cent 


7. Recommended Sizes: 1/16, 3/32, % 
5/16, 3@ inch diameters. 

8. Uses: For welding mild steel, structural shapes, 
plates, bars or low carbon steel forgings and castings. 

9. Surface Finish: The surface shall be smooth and 
free from scale, rust, oil or grease, and may be plain or 
copper-coated. 

10. Tests: In the hands of an experienced welder weld- 
ing rods shall demonstrate good weldability and shall 
flow smoothly and evenly without detrimental phenomena. 

11. Packing: Welding rods shall be delivered in coils 
or in straight 36-inch lengths, packed and wrapped as 
follows: 


, 5/32, 3/16, %, 


(a) Bundles of 50 lb. net weight, securely 
wired and wrapped in heavy weather- 
proof paper. 
(b) Bundles of 50 |b. net weight, securely 
wrapped in heavy burlap. 
(c) Boxes or kegs of 100, 200 or 300 Ib. 
net weight and wrapped as per para- 
graph (a). 
(d) Boxes or kegs of 100, 200 or 300 Ib. 
net weight and wrapped as per para- 
graph (b). 
(e) Coils of approximately 50 or 100 Ib. 
net weight and wrapped as per para- 
graph (a) or (b). 
12. Marking: All bundles, coils, boxes or kegs shall be 
provided with a metal tag wired or nailed on the outside, 
bearing the following information: 


Tee en eS betes ene 


13. Ordering: Material ordered under these specifica- 
tions shall be known as: 

“Oxy-acetylene welding rods, American 
Welding Society Specifications No. 1, issued 
April 1, 1920.” 

All orders should be specified in pounds. In 
addition, requisitions shall show the following: 


Specif. No. 

Sige 

Packing 

As a guide in ordering, the following information is 

of use: 
Size, inches....... ts ts % vs 6 “4 ts ¥% 
Lb. per 100 ft..... 1O4oy 2:3. 4 ene SMA S 16,7 0°26 37.5 
Feet per 100 Ib.... 9,615 4,273 2,403 1,537 1,067 600 383 266 
Milas cies ae 63a | 4c IZM ISG: ASB 250° 312. 375 
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Electrification of South African Rail ways* 


HE South African Government Railways are about to 

begin the electrification of two sections of the sys- 
tem, and tenders are now being invited for power house 
equipment and rolling stock. The lines to be electrified 
immediately are the Cape Town-Simonstown Suburban 
line, 22 miles long, and the Durban-Pietermaritzburg 
section of the Natal main line, 70 miles long. 
__ The Simonstown line is partly double and partly single 
track. It carries a large and rapidly growing passenger 
traffic. Exclusive of season and “trip-bearer” ticket 
holders, the number of passengers carried rose from 
2,701,105 in 1911 to 5,080,284 in 1919-1920. 
ter year 151,520 season tickets were issued, the increase 
over 1914 being more than 60,000. Electrification of 
this branch has been decided upon entirely on account 
of the heavy passenger traffic, and the undertaking pre- 
sents.no features of special interest. Multiple unit trains 
will be used. 


The Natal Section 
The Durban-Pietermaritzburg section of the Natal 
main line differs completely from the Simonstown line. 
The Natal railway has always afforded plenty of scope 
for the ingenuity of the engineer. As originally located, 
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wheels flanged, was introduced with the object of in- 
creasing the load hauled by a single engine unit. Though 
locomotives of this type possessed high tractive power, 
they did an extraordinary amount of damage to the 
track, in spite of the fact that 80 lb. rails seated on 
heavy iron chairs were in use. The cast iron chairs 
were broken by scores on each trip, and it was found 
necessary eventually to convert these engines to eight- 
coupled. Only about a dozen are still in use in their 
original form. 


Extensive Deviations Have Been Built 


Even before the Natal Government Railways ceased 
to have an independent existence a certain amount of 
work had been done in the direction of deviating the 
main line in order to secure a maximum gradient of 1 
in 50 and curves of not less than 500 ft. radius. Since - 
the Union came into existence in 1910 very extensive 
works of this nature have been carried out, and maxi- 
mum gradients of 1 in 60 and even 1 in 70 are now 
sought wherever possible. Usually, this involves a length- 
ening of the line. Owing to the rapid rise and fall of 
the country, tunnels, unless of prohibitive length, would 
not help much, and the only means of flattening gradients 
is by adopting an even more meandering alinement than 
the extremely sinuous location of the original line. The 
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Map of South African Railways Showing Sections To Be Electrified 


it included a large number of gradients as steep as 3.3 
per cent and curves of 20 deg. radius were equally nu- 
merous.- The line crosses a succession of spurs of the 
Drakensberg range, divided by deeply cut river valleys, 
so that it resembles a switchback on an enormous scale. 
In the distance of rather over 70 miles from Durban to 
Pietermaritzburg, a summit of 3,000 ft. is reached near 
Thornville Junction, and the line then descends to about 
2,250 ft. at Pietermaritzburg, where it again starts to 
climb steeply with occasional intermediate descents to 
over 5,000 ft. near Highlands. It then falls 1,500 ft. 
as it crosses the Tugela Valley, and then mounts to 
about 5,500 ft., at which altitude it crosses the Drakens- 
berg and enters the Transvaal. An up train ascends 
about 12,000 ft. in the 300 miles between the coast and 
the Transvaal border. ; 


Tracks Badly Damaged by Steam Locomotives 


_ It may be readily imagined that under these condi- 
tions there has been a serious limitation on trainloads 
and speeds, while operating costs have been very high. 
About the time of the South African War, a decapod 
side-tank locomotive, with only the six center driving 


*London Times Engineering Supplement, March, 1921. 


result is that the traverse of the line is a succession of 
what in local parlance are called “doglegs.” 

In several cases an entirely new line has been built, 
as between Pietermaritzburg and Cedara, and also be- 
tween Pentrich and Camperdown. Fast passenger and 
heavy freight traffic are routed over these new lines 
and local trains continue to use the old track. The most 
ambitious of these deviations—which can more properly 
be described as an entirely new railway, in places five 
miles distant from the old line—is now nearing comple- 
tion. As the accompanying diagram shows, the new 
line, which is just over 40 miles long, leaves the South 
Coast branch of the Natal system at Booth Junction 
and runs thence roughly parallel to the original route, 
which it rejoins at Cato Ridge. 

The new line has ten tunnels, of which the longest— 
known as the Delville tunnel—is 1,001 yards from portal 
to portal. At the Cato Ridge end 814 miles of devia- 
tion to Hammardale will be double-tracked.. Wherever 
the new and old lines run on the same alinement duplica- 
tion has been carried out, so that when the new route 


is opened there will be two tracks throughout. between 


Durban and Pietermaritzburg, though they will run 
alongside one another only for a small fraction of the 
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distance. Between Durban and Bellair the old line is 
double. From Durban to South Coast Junction, where 
the two routes really diverge, the track will probably 
be quadrupled in the near future. In the section from 
South Coast Junction to Booth Junction, where the new 
line parts company with the South Coast branch, and 
for an additional 314 miles beyond Booth Junction, the 
track will be double. For the remainder of the route 
to Hammardale the new line is single track throughout. 
Between Bellair and Cato Ridge the old line will also 
remain single. Thence to New Umlaas Road both lines 
follow the same alinement as an ordinary double-track 
railway, but from a point near Camperdown to the old 
Umlaas Road Station the old line will remain at a dif- 
ferent level. There the two diverge widely, the old line 
running via Thornville Junction, where the Richmond 
branch is joined, to Pentrich, while the new line follows 
a more direct but sufficiently sinuous route to the same 
station. From Pentrich to Pietermaritzburg the two 
again combine to form a normal double-track line. This 
is, however, considerably removed from the original and 
now abandoned location between these two stations. 


The Two Routes 


As soon as the Booth Junction-Cato Ridge line is 
opened it will be used for fast passenger and through 
freight trains. Local trains will continue to run over 
the original line, along which such population as there 
is is clustered. 

Both the old and the new lines are to be electrified as 
well as the local lines from Durban to the Point and 
from Clairwood to Wests, which carry heavy freight and 
coal traffic to and from the wharves on both sides of the 
harbor. The Wests line will probably be doubled. 

On the Natal line heavy electric locomotives will be 
employed. The standard freight engines will be about 
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120 tons in weight, capable of hauling a 1,200-ton train 
on the level at about 40 miles an hour, or a 1,800-ton 
train at about 30 miles. Such locomotives will have a 
capacity of about 2,800 hp., compared with 1,000 to 1,400 
hp. in the case of the. steam locomotives now in use. 
For passenger trains a type of locomotive with a weight 
on driving wheels of about 72 tons and a tractive effort of 
about 30,000 Ib. is specified. The express passenger 
engines have been designed by the consulting engineers, 
Messrs. Merz and McLellan, for a normal speed of 55 
miles on the level and 28 miles on ruling gradients when 
hauling a train of 15 standard main line coaches. 

The fastest train running between Durban and Pieter- 
maritzburg at present takes nearly four hours to cover 
the distance—about 72 miles. There will not be much 
level track, even on the new line, but, assuming an aver- 
age speed of 36 miles for the electric trains, it will be 
possible to halve the present timing. It will be recalled 
that the system to be adopted is 3,000 volts direct cur- 
rent, with overhead transmission. In some respects the 
Natal electrification will more closely resemble the Chi- 
cago, Milwaukee & Puget Sound line than any other un- 
dertaking, though the South African work can be fairly 
regarded as distinctly of its own kind. 


Illinois Electric Railways 


Illinois is served by 90 electric railway companies, which 
have 3,841 miles of track, which, if stretched out in a 
straight line, would reach from New York to San Fran- 
cisco and then out into the Pacific Ocean 655 miles. These 
lines carry more than two billions of passengers annually, 
and represent an investment of $456,200,000 made by 
thrifty men and women in providing the State with 
service. 


A Scene at East Chicago 


Electric Lighting erica Railway Coaches: 


A Discussion of Illuminating Units and Their Application 
to the Various Classes of Railway Service 


AILWAY car lighting differs from other classes of 
R lighting both in the methods of obtaining the en- 
ergy for lighting and in the application of the light- 

ing units. 

The fact that a car is continually on the move makes 
it necessary to obtain the energy from a stored supply, 
or to generate it on the car itself. This means that the 
supply is limited, and that it must be utilized in the most 
efficient manner possible. 

The lighting fixtures must be permanently secured in 
position, and out of the way of seats, baggage racks and 
sleeping car berths, which limits their application to the 
ceiling of the car. This gives no flexibility to placing of 
the units to get the desired effect. 

Much careful study has been given the matter, how- 
ever, and the results obtained as exemplified by the best 
present practice are very satisfactory. 

A series of tests extending over several weeks was made 
in 1912 by representatives of the Post Office department, 
several of the railroads, and interested manufacturers on 
different methods of lighting postal cars. A few years 
later a similar series of tests were made under the direc- 
tion of the Association of Railway Electrical Engineers, 
on methods of coach lighting, and it is mainly on the 
data obtained by these tests that the illumination values 
given later are based. 


Electric Lighting Systems 


What is known as the “Axle Generator System” has 
come to be almost exclusively used for lighting cars by 
electricity. The use of the straight storage system, by 
which the current was obtained from storage batteries 
which were charged while the car was at a terminal, has 
almost entirely disappeared, owing to the fact that cars 
were kept too long out of service for charging and were 
dependent on a stationary plant. A few cars are still 
lighted by the “Head End System,” in which the current 
is obtained from a steam driven generator set in the bag- 
gage car of the train, but owing to its lack of flexibility 
this system has had a limited application. 

In the axle generator system the current is generated 
by a dynamo driven from the axle of the car. This 
dynamo provides current for the lights, and charges a 
storage battery which provides light when the car is not 
in motion. With this system, the car provides its own 
power plant, and has an ample supply of current, when- 
ever it may bein service. Such attention as is necessary 
is easily given during its regular lay-over periods. 

The essentials of such a system are as follows: 

A generator mounted on either the car body or the truck 
with some form of driving system between the car axle 
and the generator. 

A storage battery to furnish current when the car speed 
is not sufficient to drive the generator at a speed to give 
the proper voltage. 
SSE a ee eee 


*Abstract of a paper by Geo. E. Hulse. Ch. Ener., Safety Car Heating 
& Tighting Co.. read before the New York Section of the IJlluminatins 
Engineering Society, March 10, 1921. 


A regulator to govern the output of the generator at 
varying speeds, and to properly charge the storage battery 
and protect it from overcharge. 

A regulator to maintain proper voltage at the lamps. 

Some means of keeping the polarity of the generator 
constant when the direction of movement of the car 
changes. ' 

These conditions have been successfully met in various 
ways. The majority of equipments in use have the fol- 
lowing features: 

The generator is mounted on the car underframe and 
is driven by a belt. The generator is controlled for out- 
put at varying speeds by carbon pile rheostat in its field 
circuit which gives a constant current output until the bat- 
tery approaches full charge, when the battery is protected 
from overcharge by the control passing to voltage, or by 
having the charge discontinued by a meter which meas- 
ures the ampere hours supplied to the battery. The lamp 
voltage is held constant by an automatic carbon pile 
rheostat. 

At present there is some demand for a more positive 
drive than the belt, which does not always give perfect 
service, especially in bad winter weather. Various types 
of gear or other positive drive are being investigated but 
it is doubtful, that when all the conditions of application 
to the car, first cost, and cost of maintenance, are consid- 
ered whether the increase in service will be justified. 


Coach Illumination 


Coaches are of course important as they constitute the 
majority of cars in use and carry more people than any 
other class of car. 

A certain amount of general illumination is necessary, 
but the principal illumination is required for reading, and 
the lighting system should be designed for proper illu- 
mination on a plane 45 deg. to the horizontal, and at right 
angles to the center line of the car. 

The lamp fixtures may be either mounted on the cen- 
ter line of the car on the upper deck or there may be a 
row on each side of the car directly over the seats mount- 
ed on the lower edge of the side deck. 

The spacing most used for the lamps is six feet, the 
mounting height for center lamps is about eight feet, 
and for side lamps, about six feet six inches. 

Up to the present the open mouth type of reflector, of 
either. heavy density opal glass or clear prismatic, has 
been employed for coach lighting, 

The use of these types of reflectors with six foot spac- 
ing and 50 watt type B train lighting lamps giving 506 
lumens or 84 lumens per running foot of car length will 
give about the following illumination results: 


FOOT CANDLES 


45 Degree Plane 
Horizontal Plane Ffficiency, 


Window Aisle Horizontal 

Seats Seats Mean Average Plane 

Heavy densitv opal. .... 2.60 Sabl 3.06 4.48 49.7 
Clears prismatic.s.. se see 2.55 3.54 2.95 4.23 46.6 


The type C lamp has also been made available for 
car lighting purposes. While the intensity of illumina- 


166 


April, 1921 


tion can be increased by the use of these lamps, the wis- 
dom of their use in open mouth reflectors is questioned 
as under these conditions it is almost impossible to get 
away from the effect of the high intensity filament. Even 
though the filament is properly screened there are bright 
spots on the reflector which cause eye fatigue. 

Totally enclosing units placed close to the ceiling are 
however being introduced for coach lighting, and these 
give satisfactory results as to illumination and present 
a pleasing appearance. 

With the better grade of glass available at present 
the illumination values obtained with the 50 watt type C 
lamps (740 lumens) giving 123 lumens per running foot 
of car length would be about as follows: 

FOOT CANDLES 


45 Degree Plane Horizontal Plane 


Efficiency, 


i, gates TN SS SS : 
Window Seats Aisle Seats Mean Average Horizontal Plane 
2.18 2.40 2.29 2.82 22 0/0 


Using the 75 watt type C lamp (1024 lumens) or 120 
lumens per running foot of car these values would be 


as follows: 
FOOT CANDLES 


45 Degree Horizontal Plane 
— ——-~-—- — HW. Efficiency, 
Window Seats Aisle Seats Mean Average Horizontal Plane 
.02 3.32 Geil! ; 22 0/ 


It will be noted that by using the same wattage, the 
values obtained with the type C lamp and enclosing bowls 
are about 23 per cent lower than those with open mouth 
reflectors and type B lamps. To get equal illumination 
it is necessary to increase the wattage 50 per cent with 
the enclosing bowl type. In the latter case however the 
iHumination is of a better character and the appearance 
of the car is considerably improved. 

Dining Cars 

Most of the novelties in car lighting are used in the 
dining cars. The table and its furnishing are the most 
important item in the car and the high illumination must 
be concentrated on each table. General illumination of 
fairly high intensity has always been found necessary so 
that the car would present a cheerful appearance to the 
person entering it. Installations with a high intensity 
on the tables and a low general illumination have not 
been found satisfactory. Generally illumination can be 
obtained from fixtures mounted on the center deck, either 
direct or semi-direct. For table illumination fixtures 
should be mounted over each table and no more satisfac- 
tory type of unit has been developed than that which 
uses the concentrated reflector with a redirecting plate 
under it to give the proper distribution for maximum 
light on the table top. : 

For general illumination a semi-direct fixture 1s now 
generally preferred and sufficient illumination is obtained 
with such fixtures mounted six feet apart using a 50 
watt type C lamp. 

The illumination on the table top should be from five 
to seven foot candles and this can be obtained by the use 
of a 50 watt type C lamp in the table fixture mentioned. 

Sleeping Cars 

Sleeping cars require lighting for general illumination, 
for reading or working at the tables in the sections, and 
for illumination of the berths after-they are made up. 

General illumination is obtained by center lamps placed 
close to the ceiling to prevent interference of the fixture 
with the upper berth. Small units placed in the corner 
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of each section provide additional local illumination for 
reading and to light the made-up berths. 

The staterooms of a sleeping car and a compartment 
car are lighted in the same way. 

Smoking rooms have a center lamp for general il- 
lumination and bracket lamps back of the fixed seats to 
afford proper lighting for reading. 

The passageways are lighted by ceiling fixtures using’ 
either an open-mouth reflector or a fixture with reflector 
and directing plate set flush with the ceiling. 

For lighting the berth section of the car after the berths 
are all made up a fixture has recently been developed 
which is secured to the seat frame and throws the light 
on the floor so that it is easy to find the way along the 
aisle after all the ceiling lights have been extinguished in 
this section. 

The present practice is to use total enclosing center 
lamps having a hemispherical bowl placed against the 
ceiling. Type C 100 watt (1461 lumen) lamps are used, 
and the illumination on the reading plane probably 
averages 4.5 foot-candles. 


Parlor Smoking Cars 


This type of car presents a rather difficult problem, 
as the seats are arranged so that the occupant faces the 
center of the car. Best results are obtained by the use 
of a few center lamps for general illumination, and brack- 
et lamps placed on the side of the car back of the chairs 
for reading light. Cars having a flat side deck can be 
fitted with reflecting units directly over the chairs instead 
of bracket lamps. 


Parlor Cars 


The conditions in this class of car are very similar to 
those in the passenger coach, and the same type of instal- 
lation is used, although indirect lighting can be better 
used in parlor cars owing to the fact that the walls and 
ceilings can be maintained in better reflecting condition. 


Postal Cars 


Postal cars require greater illumination than those of 
any other class, as the work done demands constant and 
arduous use of the mail clerk’s eyes. A very thorough in- 
vestigation was conducted some years ago by one of the 
large railroads assisted by various manufacturers and 
participated in by the Standard Car Committee of the 
Post Office Department. Various types of installation 
were tested, and determinations were made of the amount 
of light necessary for the postal clerk’s work. From the 
results obtains by these tests the committee issued spec- 
jfications for lighting which must be met in every postal 
car. 

Postal cars are generally divided into three sections; 
the letter distributing cases, the bag distributing racks, 


ee 


INITIAL VALUES OF ILLUMINATION REQUIRED 


Foot-Candles 
ht 
Minimum Maximum 
Bag rack portion, center of Gat— horizontal na saleels sia 3075 12.00 
Mouth of bags, measured 18 in. from side of car—hori- 


PR REA) (Rd dl Oh tf v5 Cro oF COU UCI Oe OED Lc 0-2 LAN won 2.00 12.00 
Toetter CASES) co sei anlke sleiste ele ele ens © 22 « ale siepnsesoliais\ieiel oe! oil>bess 375 19.00 
Over table-horizontal.......------ sees eees eee ern a5 19.00 
Face of case—vertical........eese ee cce ee essere nsseeee 1.66 19.00 
Storage portion’... 65.0... cee tees ee tere tee ese see 2.00! 12.60 


ae 


and the storage space. The distributing cases require 
high illumination on the vertical plane of the box labels 
and on a horizontal plane for reading the addresses on 
the mail. The bag distributing racks require high il- 
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Jumination on the horizontal plane for the labels on the 
bag racks. The storage end requires a fair general 
illumination. 

These initial values are set to give proper illumination 
with a 40 per cent depreciation in the efficiency of the 
installation. 

These specifications in the 60 ft. car are easily fulfilled 
by the use of fifteen 50 watt (506 lumen) lamps. Some 
installations are being now made with the type C lamp in 
postal cars but enough experience has not been had with 
this installation to determine as to whether it is entirely 
satisfactory. 


Private Cars 


A private car is a combination of several types of.cars 
and the lighting is accomplished in the different sections 
somewhat as it is in the class of a car to which that sec- 
tion corresponds. The observation room resembles some- 
what the parlor smoker, and in this part of the car gen- 
eral illumination is obtained by center lighting, with 
bracket lamps behind the chairs, or half deck units for 
local lighting. In private cars, however, more latitude 
is allowed in fixture design, and frequently the center 
lighting is obtained from one large fixture placed in the 
ceiling of the observation room. 

Local lighting is provided for the gauges and speed 
indicating devices with which most business and private 
cars are equipped, so that these instruments may be read 
when the other lamps in the car are extinguished to 
allow track inspection from this part of the car at night. 

All cars having vestibules have lamps over each set of 
steps directing light on the steps. A flush type metal re- 
flector is generally used. 


Baggage Cars 


Baggage cars do not require a high intensity of illum- 
ination but the distribution must be such that a moderate 
illumination is obtained both on the horizontal and ver- 
tical planes, and this illumination on the vertical plane 
must be of a fair value up to within about two feet of 
the car roof. The reason for this is that the lading car 
is sometimes piled high, and there must be sufficient light 
to read labels or marking on the packages. Glass re- 
flectors are also not desirable on account of breakage. 
The present preferred practice is the use of an enameled 
reflector of the R. L. M. type placed as close to the ceiling 
as possible. These fixtures are spaced about ten feet 
apart, and 50 watt (740 lumen) type C lamps are used. 
This installation will give an illumination of about 4.5 
foot candles average on the horizontal plane, and values 
ranging from 1 to 5 foot candles at different heights in 
the vertical plane. Baggage cars are also provided with 
a fixture over each door designed to light the doorway 
and a baggage truck placed for loading the car. 


Reflectors and Glassware 


A number of types of reflectors and enclosing units 
have been developed for car lighting uses. For coach 
lighting, and other classes of cars where efficiency is the 
prime object, and appearance a secondary consideration, 
the open-mouth reflector is in almost universal use. Best 
results are obtained with a reflector giving the maximum 
candle-power at 45 degrees. 

The following are the principal types of this class of 
reflector, together with the illumination obtained and the 
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efficiency using a 6 ft. spacing, giving 84 generated lu- 
mens per running foot of the car: 


Average illumination on 45 degree Illumination 


reading planes, foct-candles efficiency 
aa A on 
Aisle Window 45 degree 
seats seats Average plane 
Prismationcleare a mhe eee 3.34 2.72 3.04 34.2 
Heavy density opal.......... 3.03 2235 2.69 30.2 
Medium density opal......... Zoe 2.07 2.30 25.9 
Prismatic satin finish......... 2.44 1.89 eid] 24.3 
Light density opel........... PA 1.91 2.08 23 


Where appearance is the pritiary consideration en- 
closing units are used, and the energy efficiency some- 
what sacrificed. 

The following results are obtained with this class of 
unit using 123 lumens per running foot of car length: 


Average illumination on 45 degree Illumination 


reading planes, foot-candles efficiency 
ey = on 4 

Aisle Window 45 degree 
Enclosing units seats seats Average plane 
Light density opal.......... 2.00 1.78 1.90 14.6 

Shallow prismatic reflector with 

light density bowl.......... 25) 2.00 2.27 IWS) 
Reflecting and diffusing globes 2.64 DoT 2.46 19.0 
DemMinindirect mre a eee 2.86 2.27 2.57 19.8 
otal indarects 40a es oeeen Ono) 2.93 2.26 17.4 
Bareklaipineee eee ee Pes 2.07 2.11 16.3 


All of the foregoing are for electric light. 


Fixtures 


Lighting fixtures for use in railroad cars require spe- 
cial design and construction, and embody some features 
not found in fixtures built for other purposes. 


1. They must be substantial to withstand the constant 
vibration to which they are subjected. 


2. They must be easily removable for refinishing when 
the car goes through its regular shopping. 

3. The arrangements for holding the glassware must 
be such that it can be easily applied, or removed for 
cleaning, but at the same time must be securely held so 
that there is no danger of its jarring loose. 


4. They must be of suitable color and design to har- 
monize with the interior treatment of the car. 

5. The mechanical design must be simple and all 
working parts must be easily accessible. 


The first condition is met by careful mechanical de- 
sign, suggested by experience in this class of work, as 
fixtures built for other uses are wholly unfit for use in 
railway cars. 

The second feature is generally covered by a type of 
construction in which a plate or a spider is firmly fastened 
to the car ceiling, this plate forming the support for the 
socket. The ornamental part of the fixture is secured to 
this plate, but may be removed without disturbing in any 
way the electric connections or the attachment to the 
ceiling. 

It has been found that no change in design of fixtures 
is necessary to accommodate the type C lamp as most of. 
the fixtures are designed with sufficient radiant capacity. 
to accommodate the type C lamp properly. 

The Association of Railway Electrical Engineers have. 
recently adopted four standard lamp positions, These 
are the 11% in., 1 in, % in. and zero, these dimensions 
indicating the distance between the top of the contact 
point of the lamp and the top of the reflector. 

The question of suitable design is one which is gov- 
erned to a certain extent by the wishes of the purchaser, 
but I believe that the results obtained in car lighting’ 
work compare very favorably with that in other lines. 


Transforming a Transformer 


Transformers constructed for one purpose can fre- 
quently be successfully changed to operate in connection 
with quite another set of voltages. The sketch shown in 
Fig. 1 illustrates a small transformer used to step down 
energy from 55 volts to 10 and 12 volts. Being of only 


Fig. 1—Type of Transformer Used 


50 watt capacity no other means for cooling is needed 
than contact with air. However, when this transformer 
was taken apart for the purpose of reconstructing it as a 
step-up transformer to boost voltage from 110 volts to 
220 volts, a number of complications arose, chief among 
which was the excessive heating which developed in the 


Lead| 
Lead 2 


220 Volts 


258 Turns 
No. 18 B&S 
Enameled Wire 
in Primary 1000 Turns. 
winding No. 23 B&S 
with Tap taken 
ae off at 800 th. 


10Volts 


Enameled Wire turn 


between leads 110 Volts 


er tee) oe eR RA esa 
Meum 3s  s 
MOSBa&S § S 
between leads— = = 
4andS £16. 2. iG. 
Figs. 2 and 3—Welding Data and Diagrams 
core. It was hoped to retain about the same watt ca- 


pacity when used as a step-up transformer. A number 
of attempts were made at winding the core with individ- 
ual primary and secondary circuits, but these methods 
were necessarily discarded for the reason that the wind- 
ing space available was not sufficient to accommodate the 
required amount of wire. The double wiring was, there- 
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fore, abandoned in favor of a single winding of the auto- 
transformer type. 

The windings on the original transformer were as in- 
dicated in Fig. 2, there being 238 turns of No. 18 B&S 
wire used on the 55-volt or primary winding, and 53 
turns of No. 13 B & S wire on the secondary, a tap 
being taken off ten turns from one end. Considerable 
difficulty was experienced in estimating correctly what 
the winding conditions should be for the changed trans- 
former, but after more or less cutting and trying a single 
winding of 1,600 turns of No. 23 B & S wire was applied 
and found to be satisfactory. The core thus wound 
formed an auto-transformer, a tap being taken off at, 
the 800th turn. The diagram in Fig. 3 shows the condi- 
tions in the changed transformer. Fig. 4 shows the 
shape of the laminations in use. It was first found that 


Fig. 4—Dimensional Sketch Showing Shape of Laminations Used 


the core grew very hot when used in stepping up voltage 
from 110 volts to 220 volts. Further experimenting de- 
veloped the fact that by reducing the laminations to prac- 
tically one-half of the original number, the heating was 
greatly reduced, and finally when the amount of iron 
was further reduced by cutting away one-half of the case 
projecting to the right from the laminations, Fig. 1, the 
heating was eliminated altogether. 

The resulting transformer did not quite accomplish 
the 110-220-volt transformation, but the actual figures 
obtained, 110-217 volts, were sufficiently’ close for prac- 
tical purposes and did not justify the rewinding of the 
core to gain the additional 3 volts. f , 

It is evident from the experience gained in the fore- 
going work, that a transformer can be wound for volt- 
ages quite different from those for which they were orig- 
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inally constructed, but it is also evident the procedure 
must involve more or less cut and try methods as the 
variables involved in small transformers are not open to 
simple mathematical calculations. 


Handy Table for Drill Press Operators 


By M. F. Hanp, ELrectTRicAL FOREMAN 
A. T. & S. F. Ry. Co., Topeka, Kansas 


In most small shops, where general repairs of various 
kinds are made, and especially where only a dozen or so 
workmen are employed, the several machines are run 
usually by “most anyone’ who can handle them under 
the foreman’s supervision. 

This is especially true in the case of the drill presses 
and I have found that a table mounted near the presses, 
showing the sizes of drills to be used for the various 
classes of work is very convenient and efficient, saving 
considerable time, especially on a “hurry up” job. 

This table is stenciled on a sheet of polished brass and 
shows the size of drill. to be used for holes to be tapped 
out as well as to fit the body of standard machine screws, 
machine bolts or pipe and conduit. The table also shows 
the number of threads per inch of the various sized 
screws, bolts, etc. 

In this connection, we have also mounted a rack hold- 
ing the smaller drills from 1/16 in. to % in., while the 
larger drills are conveniently arranged on shelves near 
the press. The rack is made of a piece of hard wood 
% in. thick, 2 in. wide and jong enough to acconimodate 
all the straight shank drills ordinarily used, each hole 
being drilled into the edge of the wood 1/32 in. larger 
than the drill it is to contain. On the face of the rack 
is secured a strip of metal, upon which the sizes of the 
drills are stenciled in the same order as they appear 
on the rack. 

To overcome the liability of the workman to place the 
drill in the wrong hole, after using it, and to serve as 
a check where particular work is to be done, a gage 
made of 3/16 in.x 1 in)-O. Hi steel has been’ secured 
to the wall just above the rack. Through this gage 
holes have been drilled for each sized drill the rack 
contains. Each hole is drilled with a new drill, and 
stenciled according to its size, so that the workman 
may readily select the drill he desires, and know he 
has the proper size for the work he has in hand. If 
desired, the gage may be case-hardened, thus insuring 
its reliability and maintaining its accuracy. 


U. S. .STANDARD SIZES OF BOLMT, MACHINE SCREW AND 
PIPE THREADS 
Machine bolts Machine screws 
— A = aN Ice ie 5 : 
Distancebe- No. Drill Drill 
Diam Drill tween fiats of Threads fortap, for body, 
of bolt, Threads fortap, of nuts, screw per in. in. in. 
in. per in. in. in. + 36 oe ly 
iy 20 Bd A 6 32 7/64 9/64 
ts 18 ZA a3 8 32 9/64 11/64 
34 16 is a 10 24 fs 13/64 
ve 14 % 43 12 24 11/64 15/64 
V, 13 te % 14 2 qT % 
ie 12 ah Be 
5% 11 ay 1% Pipe and conduit 
u% 10 3h 1% aad 
RR 9 YH 14 Size Drill Drill 
1 8 Ve 1% of pipe, Threads fortap, for body 
1% 7 Be 142 in per in. in. in. 
1y% 7 1% 2 iy 27 at vs 
1% 6 la 275 A 18 45 Ys 
14 6 1H 2% 3% 18 33 i 
1% 5% lye 205 y, 14 a8 % 
1% 5 1 2% Y 14 # 1y5 
2 4 138 3% 11% lis 1% 
2% 4y, 2a 3% 1% 11% 145 1% 
2% 4 2% 3% 1% 11y% 144 2 
2 11% 2+. 2% 
2Y, 2H 2% 
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A Strange Case of Motor Trouble 


Early one morning a few days ago I received a “hurry- 
up call” from one of the shops, the foreman informing 
me, over the ’phone, that the starting box smoked. Ar- 
riving at the scene of the trouble I found that the start- 
ing box in question operated a motor some twenty-five 
or thirty feet above the floor. On moving the starting 
box handle over a couple of notches the motor refused 
to start, but something squeaked slightly. As the natu- 
ral inference is an open field circuit when a motor re- 
fuses to-start if its armature circuit is) intact; ame 
moved the field lead at the starting box and moved the 
handle to the first notch. I touched the field lead on 
the field terminal and drew an arc, thus showing the 
field circuit to be closed. Therefore, I decided to in- 
vestigate the motor and procured a ladder. On mount- 
ing the ladder I found some rags and a rat’s tail with 
Mr. Rat attached—caught between the armature and 
the pole piece. As Mr. Rat was still very much alive 
it was necessary to do away with him before extricating 
his tail. When the motor was stopped the previous 
evening he had dragged the rags into the nice warm 
motor to make himself a bed and was just unlucky 
enough to be caught when it was attempted to start the 
motor the next morning. 


Telepathy Works on Wrong Line 


“Hello, Jack, I was just thinking of you,” called the 
clerk as his friend, whom he had not: seen in weeks, en- 
tered the office. “That shows what psychology can do. 

“You know I have long been a student and exponent 
of the power of the mind over matter, and you have 
proved to-day that I am right. Mind does triumph over 
fatten. a 

“How -have I proven it?” 

“By coming in here just now,” exulted the student- 
clerk, laughing. “I have been concentrating on you all 
morning and ordering you by telepathic wave lengths to 
come in here to see me. I have a date for to-night and I 
want you to go with me.” 

“Wait a minute, you got me all wrong,” corrected the 


visitor. “I didn’t come in here in answer to your wave 
lines. I came to collect that $5 you owe me.”—WN. Y. 
Sun. 


Did It Ever Happen to You? 


A pretty girl sat in a railroad train, 
As lonesome as she could be; 

And she said to herself, with a little sigh, 
“Tf he’d only talk to me.” 


The young man sat just across the aisle 
From the girl with the pretty stare, 

And he said to himself, “If I sit with her, | 
I wonder if she would care?” 


And so they rode the whole long day, 
And neither one of them knew 
Just what the other was thinking of— 
Did it ever happen to you?” 
—Penn State Froth. 
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Steps to Success 


Be Agreeable. 
Know Your Job. 
Don’t Argue. 
Make Things Plain. 
Tell the Truth. 
Be Dependable. 
Remember Names and Faces. 
Don’t Be Egotistical. 
Think Success. 
Be Human. 
—Barker News. 


A Real Man 


The test of a man is the fight he makes, 
The grit that he daily shows, 
The way he stands on his feet and takes 
Fate’s numerous bumps and blows. 
A coward can smile when there’s naught to fear, 
When nothing his progress bars, 
But it takes a man to stand up and cheer 
While some other fellow stars. 
—Chords. 


Ten Rules For Efficiency 


Be inspired by and work for love of work. 

Anticipate requirements and develop resources. - 

Know both sides of the question and eliminate errors. 

Master circumstances, recognizing no impediments. 

Be courteous ever, permitting reason to modify rule. 

Do the right thing, in the right way, at the right time. 

Do things better than they were ever done before. 

Know what is to occur, whether it occurs or not. 

Be a confirmed optimist ; don’t worry about what hap- 
pens, but see that it doesn’t—to your people—E-xchange. 


Answer to Last Month’s Question 


If each edge of a wire cube has a resistance of one 
(ohm what w ill be the resistance between two diagonally 
Opposite corners of the cube? 


Let us first analyze the diagram in Fig. 1. It consists 
of a wire cube each edge of which has a resistance of 
one ohm. It is fairly obvious that the joint resistance 
from O to P must be something less than one ohm, 
for plainly there are a number of paths which the cur- 
rent may take from the point O to the point P. Three of 
the lines, A, B and C, radiating from O are shown 
heavier than the others and in a similar manner three 
‘other lines, X, Y and Z, radiating from P are indicated 
by dotted lines. Between these six lines mentioned it 
will be seen that there are six other lines numbered 
1, 2, 3, 4, 5 and 6. These numbered lines serve as con- 
nections between the first set of lines A, B and C, and the 
second Bete, Y and Z, Furthermore, the connections 
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between A, B, C and X, Y, Z are symmetrical so that 
if the cubical wire frame actually formed a part of an 
electric circuit, the current which would flow out at the 
point O would be exactly the same in each of the three 
branches A, B and C. Since each of these lines has a 
resistance of one ohm and the same current flows in 
each, it follows that the potentials at the ends of 4, B and 
C will be exactly the same. This being true, it would 
be perfectly possible to join the ends of A, B and C to- 
gether without affecting the electrical condition of the 
circuit in any way. The same may be said of the lines 
X, Y and Z for the potentials existing at the ends of 
these lines will likewise be identical. If the ends of 


Diagram Showing How Cubical Wire Frame Can Be Simplified 


X, Y and Z were joined together as would be quite per- 
missible, we should find that all of the numbered lines 
1, 2, 3, 4, 5 and 6 were in reality six parallel lines of one 
ohm, each connecting the points of common potential at 
the ends of A, B and C with corresponding points of 
potential, but of lower value, at X, Y and Z. Our cubical 
diagram could therefore be represented by Fig. 2, which 
immediately simplifies the whole problem. It is plain 
enough from this figure that the joint resistance of 4, B 
and C is one-third of an ohm. The joint resistance of 
X, Y and Z is likewise one-third of an ohm. In the 
same manner the joint resistance of lines 1, 2, 3, 4, 5 and 
6 is one-sixth of an ohm. The sum of the resistances 
thus determined is five-sixths of an ohm which is the 
answer to the problem. 


The Algebraic Solution 


An algebraic solution of the problem is given in the 
following paragraphs showing that an entirely different 
metnod may be used which arrives at exactly the same 
result. 

There are 12 elements or wires in the cubic circuit, 
each of which has 1 ohm resistance. We might consider 
all 12 of these elements but a little consideration will 
show that an equivalent circuit may be constructed con- 
taining but 5 elements. To show clearly how this simpli- 
fication is effected, four successive wiring diagrams are 
used beginning with Fig. 1, adding bus bars + and —. 
The short arrow headed connectors in Fig. 1 are not 
elements and have no resistance. Fig. 2 is precisely the 
equivalent of Fig. 1 and contains the same 12 elements. 
Fig. 3 shows how the diamond shaped loops may be 
folded and combined. The two diamond shaped loops 
and the two cross connectors may be flattened out until 


ie 


Fig. 4 is produced. In Fig. 4 the resistance of each 
branch has been written in simply from the fact that 
we know when two elements of one ohm each are placed 
in parallel the resulting resistance of the combination is 
one-half an ohm. 

Assume that the voltage between the bus bars is V. 
This is the impressed e. m. f., or voltage. Now represent 
the current in each branch by the letters a, b, c, d and e. 
We have five unknown quantities and to determine their 
values will require that we establish and solve five inde- 
pendent equations. The laws laid down by Kirschoff 
enable us to establish these equations. His first law states 
that the algebraic sum of the currents meeting at a point 
is zero, or the sum of currents flowing toward a point 


AP "2 
+ — 
+ = 
Bross i FIG.4. oie 


The Cubical Diagram Simplified to Make it More Easily Adapted 
To a Mathematical Solution 


is equal to the sum of the currents flowing away from 
that point. Therefore, we may write since the only 
points to be considered are P and Q. 

C2) ies are (Ze)0 & = 7 Cre 
Kischoff’s second law states that the algebraic sum of 
the “drops” or consumed voltages in any circuit is equal 
to the impressed voltage. There are only three circuits 
to consider. First, from ++ through P to —; second, 
from + through P, through Q to —; third, from + 
through Q to —. These “drops” in volts are equal to 
the products of the currents in and the resistance of the 
several branches or elements. Thus the first circuit 

1 1 
(3.) —b+1—a=V 
2 Z 


similarly through the second circuit 
1 1 

(4) —~b+—c+4+-—d=V 
4 2 2 


and lastly through the third circuit 


1 1 
(5) sl eee dr 
2 2 


We have thus established five independent equations 
-among the quantities a, b, c, d and e and their solution 
_is.as follows: Substitute in (3) the value of b from (1.) 


eur ees | 
vot (pc) Ue 
2 


_ 


Aa+e=2V - -(6.) 


RAILWAY ELECTRICAL ENGINEER 


Vol. 12, Noma 
Substitute in (5.) the value of d from (2.) 

<) 1 
ese uy 
2 2 


a 


4¢e+¢=27 


From (6.) and (7.) it is seen that a = e and hene 
ie OB | 
Substituting d = b and b = a-+c in (4.) we have 


1 1 1 


—(a--¢) ea ol 2Za+3c=2V (8) 
Z Z 24 


From (7.), by putting a= e we get 4a+¢=2V Q)) 


Multiplying (8.) by2 weget 4a+6c=4V (10) 


Subtracting (9.) from (10.) we get 
2 


56a 2) “orc =F ( 
» 


It is very simple now to get the values of a, b, d and, 
2 


a=—V ba d= — ex= — 
Be 5 5 5 


Thus we have the values of a, b, c, d and e in term 
OLA 

If V is one volt, then a is 2/5 amperes; b, 4/5 amperes 
etc. The total current flowing through the cubic circui 
is obviously the sum of b and e or a and d. 

Let J = the total current so that = a-+ d. 


2 4 6 
Then J = —V +—V or —V 
5 5 5 


Let R = the equivalent resistance, which is the quan 
tity we are seeking, then by Ohm’s law 


V V 
fees — AN ee 
R ip 


Gy | Soe. rs 
Or 


V 
6 
5 
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W. L. Briss, 


Ch. Engr. U. S. Light & Heat Cor 


Questions for April 


From a car lighting man in a middle-western cit 
come a few questions pertaining to his daily task. Wh 
will undertake to tell him what he wants to know? Som 
of you who read this column can surely give him th 
information he desires. Here are his queries: 

1. How would a U. S. L. 100-ampere generator, 15 
type panel work with battery connected up wrong; the 
is; positive lead to negative side of battery, and negati 
to positive side of battery? | 

2. Would your generator reverse itself and other pari 
of your equipment; that is, would the positive turn nege 
tive and the negative turn positive? 

3. Would your meter read reversed? J. A. 


Any answér to these questions that are sent to the éditor will appear j 
the May issue, 


Safety Switch With Interlocking Plug 


A safety first switch with receptacle and interlocking 
lug has just been placed upon the market by the Oliver 
Electric & Manufacturing Co., of St. Louis, Mo. The 
equipment is of a rugged construction, mounted in a non- 
orrosive cast metal box with overlapping cover. It 1s 
ntended for use with portable arc welding machines, 
portable motors, etc., where maximum safety is desired. 


~ SAFETY FIRST 
= SWITCH & RECEPTACLE 


OLIVER ELECTRIC & MFG CO™ 
ST.LOUIS ‘ 


par. APPL'D FOR 
60. -AMPERE 


S50 VOLT AC ee 
250 VOLT DC® « 


“SWITCH MUST:BE IN-OFF POSITION 
BEFORE REMOVING OR INSERTING PLUG” 


Switch with Plug Inserted 


The switch and plug are interlocked so that the plug can- 
hot be inserted or witndrawn without the switch being on 
“off” position. Neither can the switch be opened unless 
it is in “off” position. Furthermore, unless the plug is 
completely engaged the switch cannot be closed and when 
the switch is closed with the plug withdrawn, the cover 
for the receptacle is locked. 

The plug itself is of substantial construction with 
protected contacts mounted in molded insulation. The 
plug handle is arranged with coupling for Sprague extra 
flexible conduit or with bushing for reinforced cord, to 
take strain off wires. 

The switches within the receptacle are furnished with 
fuse clips at the bottom for N. E. C. cartridge fuses, 
but the fuses themselves are not furnished with the 


equipment. The housing of the receptacle is arranged 
with ground clips which engages the shield of the plug 
before making contact, insuring positive ground. The 
receptacle has floating contacts mounted in molded in- 
sulation. 


Classification and Marker Lamps 


Another product that is being marketed by the Oliver 
Electric & Manufacturing Co. is the electric classifica- 
tion and marker lamp shown in the illustration. These 
lamps are light and compact, being made of cast 
aluminum. They are, nevertheless, of rugged construc- 
tion. All types are furnished with standard Edison 
base composition socket with lamp grip and extension 
key, so that the light is controlled from outside of the 
lamp, making it necessary to turn on the light at the 
lamp, insuring the display of proper colors. 

All types of classification and marker lamps are fur- 
nished with mounting bracket to fit the socket now being 
used for oil lamps. The lamps revolve in the brackets 
so that they can be placed at any angle desired and are 
then held stationary. The housing for the lenses is 
standard on all types of lamps, so that a classification 


Type C. L. B. Classification Lamp 


lamp can be converted into a marker lamp by removing 
the color screen throw over device and changing the 
lenses. The classification lamps are furnished in two 
types. Type C. L. B. housing has two adjacent standard 
clear white semaphore lenses 53¢ in. diameter and two 
adjacent cast metal blanks with peep holes to indicate 
whether lamp is burning. This type has a throw over 
device inside the housing arranged with green color 
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screen to give color change desired. The type C. L. B.S. 
housing has the clear white semaphore lenses also, and 
two adjacent standard green semaphore lenses 5 36 in. 
diameter. This type is arranged with blank metal throw 
over device so that it is necessary to turn the throw 
over device and the lamp to get the proper colors desired. 

The marker lamps are furnished with one standard 
red semaphore lens 534 in. diameter and three standard 
green semaphore lenses of the same diameter. The color 
change desired can be obtained by turning the lamp 
in the bracket. Both the classification and candle: lamps 
can be furnished with lenses of colors other than those 
listed if so specified. 


A General Utility Insulating Varnish 


A black insulating varnish characterized as “General 
Utility Inco Insulite No. 16” has recently been placed 
on the open market by the International Paint Corpora- 
tion of sst= Louis: 

The purpose of this varnish, as its name implies, is to 
furnish an “all around” product that will efficiently care 
for a majority of all the insulating varnish requirements 
of manufacturers of electrical equipment and apparatus, 
and for repair and re-building shops. 

Inco Insulite No. 16 may be either air-dried or baked, 
with some difference as to uses and results. 

The properties and application of this varnish, both 
air-dried and baked, have been definitely determined, by 
years of practical use, and by tests just completed in the 
laboratory. After baking it produces a hard, semi- 
flexible, jet-black, lustrous coat, possessing a high dielec- 
tric strength and electrical resistance, excellent binding 
and cementing qualities, and is practically moisture, acid 
and alkaline proof. 


Kerosene-Gasoline, Double-Needle Torch 


A new type of double-needle blow torch has recently 
been developed and placed on the market by the Clayton 
& Lambert Manufacturing Company, Detroit, Mich. The 
improved double blunt needle construction of the burner, 
it is said, causes perfect combustion of the fuel and at 
the same time prevents the vital parts of the burner from 
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One Quart Torch and Cross Section of Burner 


being destroyed by carelessness on the part of the op- 
erator. A low grade of gasoline or kerosene or a 
mixture of both may be used as fuel. Two needles con- 
trol the supply of fuel which enters the combustion 
chamber and enable the user to secure the size and 
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quality of flame which is best suited to the work to be 
done. The upper needle cleans the orifice and cannot 
enlarge it, and the lower needle is a blunt point shut-off 
needle and damage to the burner will not be caused by 
shutting the needle off tightly and allowing the torch 
to cool. The tank is made of heavy gage reinforced 
seamless drawn brass and is equipped with an auto- 
matic brass pump. These torches are made in pint, 
quart and two-quart capacities with and without hook 
and support on the burner for holding a soldering cop- 
per. It is claimed they can be used outdoors in any kind 
of cold or windy weather and they are recommended 
for brazing, tempering and annealing. 


Electric Hammer Drill 


A hammer drill, driven by an electric motor instead of 
compressed air, is being manufactured by The Chicago 
Pneumatic Tool Company, 6 East 44th street, New York. 
The drill is known as “The Little Giant Electric Hammer 
Drill,” and is particularly adapted for drilling concrete, 
soft stone and for light chipping of metals. The hammer 
blow, which is delivered by a 
piston on the drill steel or chisel, 
is produced by pneumatic im- 
pact. At the instant the blow is 
struck, the piston is running free 
of all mechanical parts and very 
little shock or vibration is trans- 
mitted to the electrical parts of 
the tool. The tool is so balanced 
that when held loosely in the 
hand, the line of center of grav- 
ity falls between the third and 
middle fingers of the hand and 
lies within the barrel of the tool, 
causing the tool to hang ver-— 
tically. The switch is located in 
the handle. All bearings are of 
the ball type and provision is made for the lubrication of 
all revolving and reciprocating parts. The gears and 
other portions of the moving parts subject to wear are all 
hardened. A universal type of motor is used which will 
operate either on direct or alternating currents and motors 
will be supplied for either 110 or 220 volts. 

A special feature of this drill is a live air device for 
clearing the hole of the cutting while drilling. The pur- 
pose of this device is to keep the hole clear so that when 
holes are drilled in stone or concrete in a downward posi- 
tion the air will dispose of powdered cuttings which ab- 
sorb and waste much of the force of the blow and tend 
to choke up the hole. This makes it possible not only to 
deliver the full force of the blow on the stone or con- 
crete, but also makes it easy to get the drill bit out of 
the hole. Hollow steels or bits are furnished for this 
purpose. 


Little Giant Electric 
Hammer Drill 


Motor Line Extended 


A new type of frame 208 motors has been put in pro- 
duction by the Robbins & Myers Company, Springfield, 
Ohio. This will bring the company’s line of polyphase 
motors from the 30-hp. size up to 50-hp. and this in turn 
will be extended up to a capacity of 100-hp. 
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The office of assistant superintendent, West Shore 
Railroad, Electric Subdivision, has been abolished by an 
order effective March 16, 1921. 


Wireless communication between Japan and Amer- 
ica has been extended to the whole of the United States 
with the inauguration of the high-power sending station 
at Hara-No-Machi, near Sendai. 


The Cincinnati Electrical Tool Company, [freeman 
Avenue, Cincinnati, Ohio, has been authorized to increase 
its capital stock from $75,000 to $225,000. The com- 
pany, it is stated, does not contemplate any immediate 
extensions. 


The Wagner Electric Manufacturing Company, St. 
Louis, announces the removal of its Boston office and 
service station to 342 Newbury Street, where it will oc- 
cupy the entire building. Brooks Faxon will continue in 
charge as district manager. 


Robert M. Feustel, consulting engineer and electric 
railway operator, advocated the electrification of ex- 
isting steam roads rather than the construction of 
paralleling electric lines at a metting of the govern- 
ment commission investigating the proposed hydro- 
radial system for the province of Ontario, Canada. 


President Harding is understood to be planning a 
trip to Alaska this summer to make a personal study of 
conditions, including the Alaska government railroad. A 
plan has been under consideration for completing the 
railroad as rapidly as possible and for the operation by 
the government of a steamship line between Alaska and 
various ports on the Pacific Coast. 


The Cleveland Electric Motor Company, 5213 Wind- 
sor Avenue, Cleveland, announces that D. Wilson, for- 
merly sales manager for the Electro Dynamic Company, 
has returned to Philadelphia and will become associated 
with Harris & Evans, Real Estate Trust Building, in the 
distribution of the products of the Cleveland Motor Com- 
pany. 


The General Electric Company, Schenectady, N. Y., 
has completed plans for the construction of its proposed 
new plant at New Albany, Ind., for the manufacture of 
electric lamps, to cost about $1,000,000. It will be op- 
erated in the name of the National Lamps Works divi- 
sion of the company and will give employment to about 
600 operatives. 


The Southern Pacific Company has informed the 
Railroad Commission that it proposes to abandon a 
material part of the electric service operating over the 
terminal property at Oakland, Cal. It is proposed to 
abandon the electric lines and service between the prop- 
erty along Webster Street to and across the drawbridge 
and over San Antonio estuary; to discontinue the opera- 
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tion of the so-called Fourteenth Street trains now oper- 
ating between Alameda Mole and the Fourteenth Street 
terminal property, together with the operation of street 
cars which are now being run between Alameda and the 
depot. 


The Cutler-Hammer Mfg. Co., Milwaukee and New 
York, announces the following changes in the personnel of 
the district office territory: G. S. Crane, who has been 
tianager of the Cleveland office, will become manager of 
controller sales at the main office at Milwaukee. L. B. 
Timmerman will be in charge of the Cleveland office, and 
will act in the capacity of assistant to A. G. Pierce, mana- 
ger of the central district. The Cincinnati office will be- 
come a part of the central district with R. I. Maujer as 
branch manager. FE, N. Lightfoot will assume the title 
of manager of the heating department with headquarters 
at the New York works, and will be in full charge of all 
matters relating to the sale of electric heating devices 
manufactured by the company. 


A plan to remedy the flickering lights on the New 
York Interborough subway trains was decided upon re- 
cently at a conference between the officials and engineers 
of the traction company and the members and electrical 
engineers of the Public Service Commission. The commis- 
sion has received numerous complaints about the inade- 
quacy of the lights on the trains. 

The traction company engineers have devised a new 
contact shoe for the third rail, consisting of a smaller 
shoe protruding through a square hole in the large reg- 
ulation shoe and held down by a powerful spring. The 
theory is that even if the large shoe leaves the rail on 
account of oscillation of the train, the spring will hold 
the smaller shoe to a contact and thus provide a continu- 
ous flow of current and prevent the flickering of the 
lights. 


The Tax Bureau of New York State estimates that 
the State income tax yield for 1920 from railroad em- 
ployees, who were exempt from payment of tax in 1919 
on account of government operation of the railroads will 
amount to $1,000,000. Careful estimates place the total 
number of railroad employees in New York State dur- 
ing 1920 at over 130,000. The railroads were not turned 
back to private ownership until March 1, 1920, but the 
additional revenue is expected from the remaining 10 
months. An examination of Federal income tax returns 
shows that hundreds of thousands of persons are paying 
federal taxes for the first time and a large percentage in 
New York State are railroad men. The largest increases 
in the number of employees on New York railroads took 
place among machinists, boilermakers, blacksmiths, elec- 
tricians, air-brake men, car inspectors, car repairers, 
helpers and apprentices, hostlers and otner enginehouse 
men. 
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Annual Meeting of American Welding Society 


The annual meeting of the American Welding Society 
will be held in the Engineering Societies Building, 33 
West 39th street, New York, on April 27, 28, 29 and 30, 
1921. Aside from the meetings of the various commit- 
tees, a business session will be held at 2 p. m. on April 28, 
and a technical session at 8 p. m. on the same day. These 
meetings will be held in room 2 on the 5th floor of the 


building. The program for the technical session will be 
as follows: 
1. “Applications of the Automatic Welding Machine,” P. O. Noble, to be 


accompanied with lantern slides. 
2. “Production Welding with the Gas Flame” 
ceived in time to be included in program). 
3. “Results of Recent Thermit Welding Research,” J. H. Deppeler, to be 
accompanied with lantern This paper will deal with the 
standardization of thermit welding practice, the cost and method of 
elimination of defects in thermit welds, blow-holes, shrinkage cavities, 


(author’s name not re- 
slides. 
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A. R. E. E. to Omit Semi-Annual Meeting This Year 


At a meeting of the executive committee of the Asso- 
ciation of Railway Electrical Engineers, held in Chicago 
on April 9, it was decided to omit the regular semi-annual 
convention of the association this year. The announce- 
ment of this decision is not surprising in view of the fact 
that the Railway Supply Manufacturers’ Association are 
not going to exhibit at the annual convention of the 
American Railway Association. 


Employee Educational Work on the Great Northern 


To meet a desire expressed by a number of employees, 
particularly in the engineering department, for an op- 
portunity to acquire a broader knowledge of railroading 
than comes to them through the routine work of their 
own départments, the Great Northern is developing a 
course of study to be taken up at bi-monthly meetings, in 
St. Paul, of a class of several hundred employees. The 
course is designed to cover a period of about six months 
and the class is open to employees of all departments 
who are interested, 

The extent of the interest is indicated by the fact that 
over 400 employees responded to the call for the first 
meeting. Interest in the plan is also developing among 
employees at outlying points and consideration is being 
given to means of extending it. This work had its in- 
ception among employees and officers at the headquarters 
of the road at St. Paul. Consideration is also being given 
to the development of a course of study that will meet 
the special requirements of interested employees in the 
mechanical department. 


Western Electric Increases Pensions 


The Western Electric Company has just announced a 
broadening of its pension policy. Employees who have 
been with the company but who have been pensioned be- 
cause of disability may also be benefited under a more 
liberal ruling. The pensions given are of four classes. 
They are given to male employees who have served 
twenty years and who have reached sixty years of age 
and to women with the same amount of service who 
have reached fifty-five years. The second class includes 
all men aged fifty-five and women of fifty who have 


RAILWAY ELECTRICAL ENGINEER 


Vol. 12, No. 4 


served twenty-five years. The third class is based upon 
thirty years of service with no limitations on account of 
age. In the fourth class are those who have been totally 
disabled by reason of sickness after fifteen years with 
the company. The annual pension in all four classes is ~ 
one per cent of the average annual pay for ten years, 
multiplied by the number of years in the employee’s term 
of service. Workers coming under the first three classes 
are assured of a life income of at least thirty dollars a 
month under the new ruling. 


Making the Radio Telephone Popular 


The Westinghouse Electric & Mfg. Co. have estab- 
lished a radio telephone station at East Pittsburgh where © 
experiments are being carried on for the purpose of 
popularizing the wireless telephone. Each evening a 
program is sent out from this-station which can be heard — 
at distances up to 1,800 miles. The program usually 
consists of phonograph selections, vaudeville sketches 
from the theater and selections from well known singers. 
The Sunday program includes church service from the 
Calvary Church. Short wave receiving sets can readily 
hear this station and radio amateurs have sent in letters 
from points as far distant as Warren, Ariz.; Denver, 
Colo.; Deland, Fla.; Ellendale, N. D., and Montrealy 
Canada, in which they state that these concerts are heard 
and enjoyed practically every evening. The latest news 
is sent out to persons living in rural districts who are 
thus enabled to learn of current events much sooner than 
would otherwise be possible. Speeches of prominent men 
visiting Pittsburgh are given out to thousands in this 
way by concealing transmitters in baskets of flowers 
located on the speaker’s table. 


Electrification Plans for Italy 


A report from the Ministry of Public Works at Rome 
announces that a special department has been established 
for the purpose of giving careful study to the develop- 
ment of all of the water power resources in the country. 
So far only two-fifths of the water power available has 
been utilized for industrial purposes. About $160,000,000 
has been appropriated by the government for the pur- 
pose of pressing into service all of its water power re- 
sources, and thus extending electrification over the en- 
tire country. It is estimated that approximately 2,000,000 
tons of coal can thus be saved annually. The electrical — 
power developed by the hydro electric plants will not 
only be used for Italian industries but also for the elec- 
trification of the railroads. 


Navigation Protected by Wireless 


Secretary of Commerce Hoover recently made 
the announcement that the development of the radio 
compass by the Bureau of Standards would immediately — 
lead to the installation of three wireless stations at the 
entrance of New York Harbor through the lighthouse 
service. Each of these three stations is equipped with 
an automatic radio sending set, to send out signals con- 
tinuously during fog. These signals are picked up on 
board ship by means of the new radio compass which 
indicates the direction from which the signals come. By 
observation on the different stations, the captain of the 
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vessel is thus enabled to determine his position without 
resorting to the unsatisfactory method of listening to 
the sounds of whistles and fog horns. The lighthouse 
service plans to establish other stations as soon as neces- 
sary appropriations have been made for this purpose. 
The system used differs from other systems in that the 
navigator is able to determine his exact bearing by means 
of the radio compass in the same way as he uses a mag- 
netic compass in clear weather, and is at no time ob- 
liged to depend on expert radio operators. 


Progress of Electrification of French Railroads 


The work of electrifying certain French roads, whiclt 
started in 1920, has made rapid progress. The Midi 
Company has 93 miles of double track electric line in 
operation and the work of electrifying a further 1,800 
miles of track belonging to this road is actually in prog- 
ress. The reconstruction of two hydro-electric plants, 
which will furnish 150,000 hp. each to this road, is 
nearly complete. The road has placed orders for 50 new 
electric locomotives of the type used by the Chicago, 
Milwaukee & St. Paul. 

Two other French railroads have undertaken the elec- 
trification of sections of their line, the Orleans, which is 
electrifying 1,800 miles, and the P. L. M., which also is 
electrifying 1,800 miles of road. The electric power for 
the Orleans road will be furnished by the water falls of 
the Upper-Dordogne, and for the P. L. M. by the falls 
of the French Alps. The cost of electrifying these roads 
will be in the neighborhood of 5,000,000,000 francs. The 
saving in coal is expected to exceed 3,200,000 tons per 
annum. 


President Harding Phones to Cuba 


The formal opening of telephonic communication be- 
tween.the United States and Cuba was celebrated on April 
11, when President Harding exchanged greetings with 
President Menocal of Cuba. 

The event took place at the Pan-American Building 
under the auspices of the National Press Club. Presi- 
dent Harding’s greeting was as follows: 

“T want you, President Menocal, and the government 
and people of Cuba to know now gratifying it is to par- 
ticipate with you in this ceremony, which signifies so 
much in the establishment of more intimate and under- 
standing relations between Cuba and the United States. 
This time is especially auspicious for the exchange of 
assurances that our two republics are bound together by 
indissoluble ties of sympatiny and interest. Our fortunes 
have been linked together already in two history-making 
struggles, and today, when Cuba stands under the shadow 
of a national misfortune, I want you to know that the 
United States is determined as always to prove itself the 
true and helpful friend of your nation.” 

The engineering features of the telephone cable to Cuba 
were explained by Colonel J. J. Carty, vice-president of 
tne American Telephone and Telegraph Company, who 
said that problems which had been confronting science for 
years had been solved in the construction of the long sub- 
marine line. He said the conversation heard today 
equaled a talk from London to Paris and many miles 
further, or from London to Calcutta. Using the same 
telephonic energy, a conversation might be possible from 
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points in the United States to Santiago, Chile. 


Other Foreign Electrification 


The Bukarest government is considering the elec- 
trification of a number of its railroads. Orders have 
already been placed in Germany, the Orenstein-Koppel 
Works alone having received orders to the amount of 
90,000,000 marks. It is reported that additional orders 
will be placed in the near future. 


Electrical Show in Armory 


After considerable uncertainty over the selection of a 
suitable building it has been announced that the New 
York Electrical Exposition will be held at the 71st 
Regiment Armory, Park avenue and 34th street, New 
York, during the ten days beginning September 28. 

With the Grand Central Palace no longer available for 
exposition purposes the show management was con- 
fronted with the problem of finding a place that combined 
suitable floor arrangements, facilities for handling the 
exhibits, and accommodations for spectators. The suc- 
cess of other shows that have been held in armories indi- 
cates that the requirements of the Electrical Show will be 
well met by the 71st Armory. 

As in former years, the 1921 show will feature electrical 
equipment for the home, motor driven machinery for 
industrial purposes, electrically operated material hand- 
ling machinery, and electric vehicles. 


Personals 


Ralph G. Coburn, president of the Stone Franklin 
Company, New York, has been elected also a vice-presi- 
dent of the Elvin Mechanical Stoker Company with head- 

quarters at 50 Church 

street, New York, and 
-E. W. Engiebright, 
who became associat- 
ed with the Elvin Me- 
chanical Stoker Com- 


pany in December, 
1920, has also been 
elected a_ vice-presi- 


dent of that company. 
Mr. Coburn was born 
in Boston in 1882 and 
was graduated from 
Harvard in 1904. He 
then served, - until 
1909, with the Ameri- 
can Glue Company in 
charge of its western 
territory, with head- 
quarters at Des Moines, Iowa, and Chicago. On May 1, 
909, he opened the Chicago office of the Franklin Rail- 
way Supply Company as resident sales manager and in 
June, 1911, was appointed assistant to the vice-president 
in charge of eastern-southern territory, with headquarters 
at New York. In December, 1913, he was appointed east- 
ern sales manager of the company. In May; 1919, the 
Stone Franklin Company, New York, was organized to 
market the Stone Franklin car lighting system in the 
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United States and Canada and Mr. Coburn was elected 
president of the new company, which position he still 
retains in addition to his new duties as vice-president of 
the Elvin Mechanical Stoker Company. 


P. J. Tracy, formerly electrician at Kansas City, has 
been placed in charge of a new car lighting station which 
the Atchison, Topeka & Santa Fe Railway Company has 
opened up at Ash Fork, Ariz. 


Frank Zimkowski, general car lighting inspector, 
New York, New Haven & Hartford, has had his juris- 
diction extended to include the supervision of all loco- 
motive headlight maintenance. 


James W. White has joined the sales organization 
in the New York office of the Okonite Company, Pas- 
saic, N. J. Mr. White was formerly in the service of 
the General Railway Signal Company for four years 
and then with the Union Switch & Signal Company 
for about five years. 


W. H. Holdorf has succeeded A. L. Frankenberger 
as the railroad representative of the Western Electric 
Co., with headquarters in St. Paul. Mr. Holdorf has 
been in the electrical business since 1908, eight years 
of which have been spent with the Western Electric 
Company. 


Frank Conrad, consulting engineer of the Westing- 
house Electric & Mfg. Company, East Pittsburgh, Pa., 
has been appointed assistant chief engineer. He has 
been connected with the Westinghouse organization 
for almost thirty years, having joined the company 
when it was in its first location at Garrison Alley. 


A. J. Manson, has been appointed manager of the rail- 
way division, New York office of the Westinghouse Elec- 
tric & Manufacturing Company. After graduating from 
Massachusetts Institute of Technology in 1905 he entered 
the company’s engineering apprenticeship course. fie 
was active in the electrification of the New Haven Rail- 
road and the Pennsylvania Railroad into New York City 
and during the past few years has been connected with 
the sales organization in New York. 

Readers of tne Railway Electrical Engineer know Mr. 
Manson from his numerous contributed articles which 
have appeared from time to time dealing with various 
phases of heavy electric traction. 


Trade Publications 


The Cincinnati Electrical Tool Company, Cincinnati, 
Ohio, have recently issued a new catalogue covering 
its complete line of portable electrical drills, grinders 
and buffers, including several new type machines which 
they have recently brought out. 


Ward Leonard Electric Company, Mount Vernon, N. 
Y., has recently issued a four-page folder known as Cir- 
cular 503 in which are illustrated and described 32-40- 
volt plant accessories. Charging rheostats, resistance 
units and light dimmers are among the equipment listed, 
sizes and prices being given in each case. 


John C. Dolph Co., Newark, N. J., has recently issued 
a new edition of its catalogue describing the “Dolph” in- 
sulating varnishes and compounds. A great variety of 
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varnishes is described and the correct method of using 
them is fully outlined. At the close of the 32-page book- 
let complete directions are given for the application of 
varnish to armatures, coils and field coil by the dipping 
and baking process. 


Crouse-Hinds Company, Syracuse, N. Y., is distrib- 
uting a large folded mailing piece entitled “Safety First 
is Efficiency First.” The folder describes and illustrates 
with several photographs the ZY series of “Condulets.” 
The condulet of this series consists of a cast iron housing 
which contains a combined snap switch and fuse block. 
The switch is externally operated, and its handle inter- 
locks with the latch of the door so that the door cannot 
be opened when the switch is in the “on” position. 


The Goodell-Pratt Company, Greenfield, Mass., has 
recently issued tool book No. 14 containing 464 pages, 
6 in. by 9 in. A detailed index of the fifteen hundred 
tools manufactured by this company is included in the 
front of the book, together with general information 
regarding design, making and inspection. List prices 
given in this catalogue were effective on January lI, 
1920, and are subject to change without notice. For 
the convenience of mechanics and others who find the 
6 in. by 9 in. book inconvenient to carry, a pocket edi- 
tion with 314 in. by 5% in. pages is available. 


C-H Electrically Operated Brakes are described and 
illustrated in a 16-page, 8% x 11 booklet with the above 
title, and published by The Cutler-Hammer Mfg. Co., of 
Milwaukee, Wisconsin. Tables give dimensions and 
ratings of each type of brake, and it is explained how the 
correct size of brake for any particular installation may 
be calculated. The direct current shoe brake is described 
as being very compact. Its rigid construction and few 
moving parts make it adaptable for the most severe serv- 
ice. The alternating current brake operates by means of 
a rotating magnet, which largely eliminates noise and 
wear. A disc brake adaptable to special installations is 
also described. Installation views of these brakes on 
cranes, hoists, elevators, and other machines are shown. 


The General Electric Company, Schenectady, N. Y., 
has issued a number of bulletins as follows: Industrial 
Haulage, Bulletin No. 44251—This is a _ profusely 
illustrated 36-page pamphlet which describes trolley, 
third rail, storage battery and combination trolley and 
storage battery type industrial locomotives. Wires 
and cables—In one binding under this title are con- 
tained Bulletins 49305 to 49309 inclusive which super- 
sede Bulletins No. 49300-1-2-3-4. The pamphlet deals 
with the development and use of underground cables 
and also goes into the choice of cables, gives tables of 
capacities, test voltages and dimensions and classifica- 
tions of cables. Small Turbo-Generator Sets, Bulletin 
No. 42010A, superseding No. 42010.—This describes a 
number of turbo-generator sets for stationary plants, 
for train lighting and for use on board ship. Small 
Capacity Industrial Oil Circuit Breakers, Bulletin No. 
47419A, superseding 47419.—This is a 17-page bulletin 
which describes circuit breakers equipped with auto- 
matic and non-automatic control. It is profusely 
illustrated and includes dimension drawings as well 
as diagrams showing various methods of making 
connections. 
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In the current issue of American Railroads, published 
by the Association of Railway Executives, R. H. 
Aishton, president of the Ameri- 


The Economies can Railway Association, states 
of that the railroads have been mak- 
Electrification ing economies and working for 
increased efficiency in every pos- 

sible direction. Wages are not the only expense 


which they have sought to reduce. Mr. Aishton states 
that of the 65,000 locomotives in the United States 
approximately 35,000 of them have been equipped with 
superheaters, 43,000 with brick arches, 37,000 with 
automatic firedoors and 15,000 with power reverse 
gears. All of these locomotives have been equipped 
with the so-called modern devices in the comparative- 
ly brief. period of 10 years, but, says Mr. Aishton, 
“Such improvements require large amounts of capital. 
For instance, let us say, it is an economy to buy high 
power locomotives which will haul longer freight 
trains. In order to get this economy it may be neces- 
sary to build new roundhouses, larger turntables, en- 
larged coal facilities, greater erection pits for repair 
work, longer sidings for these trains to pass on, more 
extensive yards for them to be made up in and broken 
again, larger terminals and longer platforms.” 

It is interesting to note in this list of necessary ex- 
penses involved in the use of modern locomotives, 
that many of them can be absolutely dispensed with 
when electric power is used to solve the problem. On 
page 195 of this issue the writer of the article “Char- 
acteristics of the Electric Locomotive” brings out the 
facts clearly in a single paragraph which is as follows: 
“Many of the old ideas that have grown up around the 
steam locomotive will have to be modified or aban- 
doned and new methods introduced. The length of 
engine divisions, ruling grades, distribution of coal 
and watering stations, dispatching, the tonnage and 
speed of trains, the design of stations and terminals, 
have all hinged around the steam locomotive. This 
revolution will not have to take place all at once— 
it will be rather a gradual evolution of two methods 
that will be worked up by the more progressive 
operators, as the advantages and possibilities of elec- 
trification develop before them.” 

If the modern steam locomotive requires such ex- 
pensive facilities for its proper care, if it is necessary 
to build larger new roundhouses, if larger turntables 
are required, if greater coal facilities are necessary, 
if all of these things which are necessary to the mod- 
ern steam locomotive must be installed before the so- 
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called economies of this inefficient motive power unit 
begin to make themselves manifest, then—why not 
adopt the electric locomotive, why not lengthen the 
engine division, why worry about ruling grades, the 
distribution of coal and watering stations, or the ton- 
nage and speed of trains? Why not employ the mo- 
tive power unit that has double the pulling power of 
the steam locomotive? In a word, why not give the 
electric locomotive the consideration it deserves and 
begin as soon as practicable to enjoy the economies of 
electrification ? 


Enginehouse lighting is probably the most difficult 
lighting problem on the railroad. As practically all 
lighting is electric this becomes a 
problem for the electrical man. In 
the first place, the spaces between 
locomotives are long and narrow, 
and practically everything in the 
enginehouse is black and does not spread and diffuse 
the light from its source. An added difficulty is the 
necessity for placing the lights in such a position that 
the light will not actually interfere with the work in 
progress or make it difficult for the hostler to spot 
locomotives properly. There should also be an ade- 
quate number of extension outlets. The gas given 
off by locomotives is particularly damaging to con- 
duit and to practically all kinds of metal fittings, and 
for this reason it is desirable to have all conduit, re- 
flectors, cabinets, switches, etc., below the gas line, 
provided this does not interfere with the results ob- 
tained by the lighting. If the reflectors are not placed 
in a fairly low position, the smoke blackens them and 
reduces their efficiency quickly. There are three 
articles in this issue of the Railway Electrical Engineer 
which deal with a newly developed system for the 
lighting of enginehouses. The features of the system 
are a special type of reflector and the method of 
mounting these reflectors in pairs so that the beams 
of light from each pair are crossed. The articles in- 
clude a general treatise on the use of this method of 
lighting and a description of actual installations, to- 
gether with the results obtained as expressed by the 
users. The method may and may not prove to be the 
best one available, but it is a good one and well worth 
the attention of all those interested in this subject. 
It complies with requirements in that it makes it pos- 
sible to keep all the outlets and wiring which are lo- 
cated inside the enginehouse below the gas line, and 
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gives a well diffused light which lights up the run- 


ning gear of the locomotives where most of the work 
in the enginehouse is done. 


The cleaning of electric lighting fixtures is unques- 


tionably a most important operation. For every 
lighting installation there is a 
Lighting Fixture definite economic interval which 


should elapse between the clean- 
ings. Seldom, if ever, will this in- 
terval be exactly the same for any 
two installations. Fundamentally, the most economic 
interval is determined by offsetting the cost of the 
cleaning by the loss from decreased illumination. The 
expense of cleaning is comparatively easy to com- 
pute, but the loss from decreased illumination in- 
volves so many variable factors that it is by no means 
a simple proposition to determine. Of all the losses 
incurred through poor illumination, there is little 
doubt but that the greatest is the loss due to decreased 
output by workmen on account of poorer light. The 
cost of cleaning the lamps should be accurately de- 
termined once and for all, and be used as a basis of 
comparison. The exact interval between the cleaning 
periods will be different for each installation; prob- 
ably from one to six weeks. The length of the inter- 
val also depends upon the kind of fixtures, their lo- 
cation and the character of the work performed in 
their vicinity. About the only satisfactory way in 
which to test quality or quantity of light derived from 
any lighting unit is by the use of some form of a foot- 
candle meter. After having carefully experimented 
with such an instrument and given due consideration 
to the cost of cleaning, the length of the interval be- 
tween cleanings may be made more scientifically cor- 
rect. There are altogether tod many haphazard and 
rule-of-thumb methods used in the maintenance of 
lighting systems and in almost every instance the rea- 
son behind this improper care is the lack of knowledge 
as to how it should be done. Why not maintain your 
lighting system by correct scientific methods? 


Cleaning 
Periods 


It is said that the world is ‘‘turning a corner” which 

means, when put.in less figurative language, that its 

inhabitants are passing through a 

Will You period of unbalanced conditions 

Be which gives evidence of continu- 

Thrifty Then? ing longer than any similar period 

that the world has ever known. 

It is altogether likely that the very duration of the 

period will do more than any other one thing to re- 

duce to a minimum the discomfort caused by the 
downward trend of wages and prices. 

Unlike the time of Joseph, with his interpretation 
of Pharaoh’s dream, we have not experienced quite 
seven years of plenty, but certain it is that from the 
time war orders began to filter into this country in 
the latter part of 1914 until early. in 1920, the flow 
of money into the pockets of the people of the coun- 
try was so great and continuous that it seemed as 
if the golden stream would never stop. A great many 
people thought it never would,. At any rate they 
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proceeded to spend accordingly. Luxury upon luxury 
began to make its appearance among classes of peo- 
ple who had never before dreamed of possessing such 
things. Pleasure after pleasure was added to the mad 
whirl of hysterical spending by the former poor class. 
It was wonderfully pleasant while it lasted, but alas, 
for the improvident ones, it was not destined to con- 
tinue indefinitely. In the midst of all this orgy of 
spending some, a very few, had sense enough to be 
thrifty. They realized that such abnormal incomes 
could not continue indefinitely and providently laid 
aside out of their abundance generous portions for the 
inevitable “rainy day.” 
is upon us the wisdom of preparing for it is apparent 
to all, but unfortunately for the majority, the vision 
comes too late to be of any practical benefit except 
to emphasize one particular thing—the need for thrift. 

Thrift may be defined as frugality or economy in 
management, but what it really amounts to is prepar- 
ation in the time of plenty to obtain necessities in the 
time of scarcity. Properly practiced, thrift will keep 
a man’s financial boat on even keel. He may not have 
every luxury he may desire when times are good, but 
what is tremendously more important, neither he nor 
his family will have to forego every comfort when 
times are bad. There is no use of denying the fact 
that we are ‘facing a period of lower costs and lower 
incomes. To deceive ourselves into thinking differ- 
ently is worse than futile and will.get us nowhere. It 
is hard to accept the truth, but our reluctance to ac- 
cept it cannot change the facts in the least. The thrif- 
ty man does not worry about tomorrow, but he who 
is not thrifty will have more than one occasion to 
ask himself, “What did I do with that back pay?’ 

Things are not as bad as they seem and when the 
many economic wrinkles have been ironed out and the 
dollar has returned to its original value of one hun- 
dred cents, the biggest question that will confront 
you is, will you be thrifty then? 


New Books 


Electric Welding. By Ethan Viall, 6 in. by 9 in., bound in clcth, 399 pages 
of text, ilustrated. Published by the McGraw-Hill Book Cempany, Inc., 

370 Seventh avenue, New York. 

The book has been compiled as a permanent record 
of electric welding as it is today and is written for 
the use of those engaged in welding practice and as 
an aid to research and development. The 17 chap- 
ters deal with the following subjects: history of elec- 
tric welding, arc welding equipment, different makes 
of arc welding sets, training arc welders, carbon- 
electrode arc welding and cutting, arc welding pro- 
cedure, arc welding terms and symbols, examples of 
arc-welding jobs, physical properties of arc-fused 
steel, metallography of arc-fused steel, automatic are 


welding, butt-welding machines and work, spot-welding — 
machines and work, welding boiler tubes by the electric 


resistance process, electric welding of high-speed steel 
and stellite in too! manufacture, electric seam welding, 
making proper rates for electric welding, and the strength 
of welds. There are 329 illustrations used in presenting 
the subjects. Another book by the same author, brought 
out simultaneously with this one, deals with gas torch and 
thermit welding. 


Now that the rainy season 


New Type of Enginehouse and Turntable Lighting 


Satisfactory Results Given by Use of Reflector Units 
Mounted Below Gas Line 


By F. M. Evans 


American Lighting Company, Chicago 


HE recent developments of lighting units using glass 
reflectors will no doubt receive a great deal of con- 
sideration. Evidently there has never been a uni- 


versal standard method for the wiring of enginchouses 


Fig. 1—One of the Lighting Units 


and turntables. Many of the roads use the overhead 
system suspending lamps with reflectors from the ceiling 


Figs. 2, 3 and 4—Three Arrangements of Lighting Units for 
Enginehouse Lighting 


or overhead structures. Under normal conditions the 
elements in the engine smoke are very destructive, re- 
sulting in the short life of the metal reflectors. On 
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account of the reflectors being mounted near the top of 
the buiiding the smoke and dust accumulating rapidly 
diminishing the efficiency of the illumination and due to 
the difficulty of reaching the reflector the cleaning was 
often neglected. 

The average reflector produced a blinding 
minating some parts intensively and leaving the distant 
corners in semi-darkness. As a result of the inefficiency 
of the overhead system, numerous drop lights with flext- 
ble cord connections have been used to illuminate special 
work on the locomotives. Considerable difficulty 1s 
experienced in suspending this single lamp close enough 
to the work and at the same time not throwing the glare 
into the workman’s eye or a shadow on the work itseli. 

The problem of roundhouse lighting then resolves it- 
self into the requirement of a system that will meet the 
following conditions: a lighting unit not easily affected 
by engine gases; one that is readily cleaned and main- 


glare, illu- 


FST 


Fig. 5—The Side of the Locomotive is Well Lighted 


tained and equipped with a reflector that will produce an 
even light without a glare. 

With these requirements in mind, a new type of light- 
ing unit called a utility light shown in Fig. 1, has been 
deve loped. The body of the unit is made of cast iron 
while all the fittings and screws are brass to prevent 
rusting or setting in the casting. The reflector is made 
of glass which has a‘ surt face like that of sheet metal 
which has been hammered with a ball peen hammer. 
This produces many small reflectors and results in a 
distribution of the light rather than a glare. The re- 
flector being glass is aa cleaned and is not attacked 
by the smoke gases. A wired glass front is used, prevent- 
ing the glass Aathine out in pieces 1f broken by accident. 
The front is hinged at the bottom and locked at the top 
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by a hand latch, thus simplifying the maintenance and 
securing a weather proof unit. The base plate and fit- 
tings may be so adjusted as to permit the lighting unit 
to be mounted in various positions. 


Location of the Lighting Units 


The lighting unit in each case should be mounted about 
12 ft. from the floor, care being taken not to tilt the rays 
toward the floor but rather to keep the axis of the rays in 
a horizontal line. Any one of the three methods may be 
used for lighting the roundhouse stalls: Fig. 2 shows the 
first method of using one lamp unit at each end of the 
stall; Fig. 3 shows two lamps at the wide end of the 


Fig. 6—Effect Obtained With Two Units on the Outer Circle and 
One on the Inner Circle Between Stalls 


stall, while in Fig. 4 there are two lamps at the wide 
end and one at the narrow end. 

Some idea of the results of this type of roundhouse 
illumination may be had frem the illustrations, Fig. 5 
and 6, reproduced from photographs taken at night. 

At this point it may be well to consider the accessibility 
of the apparatus installed in this manner. <All the equip- 
ment and wiring may be located within easy reach of a 
man on a short ladder. Such an installation will pro- 
duce economy and insure better maintenance. 

For the illumination of any particular part of a loco- 
motive, this new lighting unit may be used as a portable 
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unit placed on the floor or mounted on a nearby support 
with the results illustrated in Fig. 7. The efficiency of 
the workman is increased in that he is not obliged to use 


Fig. 7—As a Portable Unit the Utility Light Can Often Be Used to 
Better Advantage With the Ordinary Extension Lamp 
> ® 


one hand to hold a torch or hand light, and at the same 
time this system reduces the theft of lamp bulbs. 


Turntable Lighting 


Turntable illumination requires the uniform lighting of 
rather a large area without any means of local support 


Roundhouse 


= 


~ . 
ee Grounds, Line 


<—Turntable > 
Fig. 8—Elevation Showing Method of Lighting the Turntable 


for the lighting units. One very good system in use is to 
mount the lighting units on the edge of the roof of the 
roundhouse, as shown in Fig. 8, using one lighting unit 


Fig. 


©—Lighting Effect Obtained With Four 200-Watt 


Units 
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for every four or five stalls for a 12 to 25 stall house up 
to a maximum of 12 lights for a complete circle. See 
Fig. 10. By installing the units, as shown in Fig. 8, 
directing the rays toward the center of the table, suff- 
cient light is distributed over the entire area so as to 
allow the engineman to see at a glance if the turntable is 
properly lined up. This illumination is made possible by 


Turntable 


Fig. 10—Plan Showing Method of Lighting the Turntable 
the divergence of the light rays which have a spread of 
72 degrees. The illumination as shown in Fig. 9 was 
furnished by four 200 watt utility units. 

The engineering and field work of the system described 
herein was handled by the author and the lighting units 
were developed by the Western Electric Company. 


Enginehouse Lighting on the Boston & 
Albany 


AN adaption of lighting units, similar to those de- 
scribed in the previous article, is now the standard 
method for lighting enginehouses on the Boston & 
Albany. The lighting units used on the Boston & Albany 
are identical with those previously described, except that 
the wire glass in the front of the unit has a frosted circle 
or disc. in the center, which diffuses the direct rays from 
the filament of the type C lamp. 

The lighting units are mounted in pairs on the outer 
circle wall, 10 feet above the floor, as shown in Fig. 1. 
These units are mounted at a slight angle to the wall so 
that the beams from the two lamps shown are crossed. 
Usually these units are mounted 7% feet each side of the 
center line of the track but this distance may vary, depend- 
ing upon the distance between tracks and the position of 
the supporting columns or posts between the tracks. The 
lamps are 100-watt type C Mazda lamps as agairist the 
400-watt lamps which were found necessary with the 
old overhead arrangement. This means a considerable 
saving in the amount of current used. The lighting, 
however, is very effective due to the crossed beams, the 
diffused light and the efficiency of the reflectors. The 
general effect of the lighting obtained is shown in Figs. 2 
and 3. 

Wiring 

The wiring which is all in rigid metal conduit is 
extremely simple and very little of the conduit is subject 
to the corrosive action of the gases given off by the 
locomotives. None of the exposed conduit inside the 
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enginehouse is more than ten feet above the floor line. 
Power for lighting is brought to the roundhouses on 

three wires as single phase 110-volt, 220-volt current. 


Fig. 1—The Units are Mounted In Pairs On the Outer Circle Wall, 
10 Feet Above the Floor 


The feeders are run on the outside wall just under the 
eaves. 

With the old type of wiring, these feeders were car- 
ried on brackets, as shown in Fig. 4, and the branches 


Fig. 2—The Crossed Beams Afford Good Light on the Moving Parts 
of the Locomotives 


carried in to the enginehouse through type F condulets 
and conduit. These feeders were frequently broken by 
ice from the roof which was also the cause of their being 
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dragged down, as shown in the illustration. They are 
being removed and replaced by three No. 6 rubber cov- 
ered wires run in 1%4-in. conduit, also shown in Fig. 4. 
The same branches are usedsexcept that the type 
condulet is removed and the conduit extended to the 
junction box just above it. The branches are 34-in. 


conduit through which are run two No. 6 wires to the 


Fig. 3—The Spread of the Light is Great Enough to Light an Open 
Front-End 


switch cabinet, shown in Fig. 1. An elevation of the 
wiring scheme is shown in Fig. 5. 

Each switch cabinet contains a 2-pole, 2-way, fuse 
block and a double pole snap switch. One circuit sup- 
plies the flood lights through the snap switch and the 
other supplies the extension outlet located on the posts 
between the pits. No. 14 rubber covered wire is used 


for both branches run in %-in. rigid metal conduits. 
oD 


Fig. 4—The Old Open Feeders Are Being Replaced by Feeders 
Run in Conduit 


The branch to the flood light runs straight out of the 
top of the switch cabinet to a 3-in. junction box with a 
blank cover where it branches each way to the two flood 
lights. The ends of the conduit are fitted with conduit 
bushings, no condulets being used for this purpose. 

The conduit for the extension receptacles is carried 
directly out of the bottom of the switch cabinet, as 
shown in Fig. 1 and Fig. 5, and is run in the earth to 
the first post where it is brought out, as shown in Fig. 5, 
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to two Edison receptacles one on each side of the post. 
The wires for the receptacle on the far side of the post 
are run through a piece of conduit placed in a hole bored 
through the center of the post. The run of conduit, 
which extends to the inner circle post, is run from the 
receptacle on the outer post down to the earth and up 
the inner post to the two receptacles located there. The 
enginehouse has a concrete floor. 

The expense of installation was reduced to a minimum 
by using as much as possible of the old equipment, the 
cabinet, fuse block, switches, extension receptacles and 


Receptacle 
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Fig. 5—Cross Section of Enginehouse Showing One of the 
Branch Runs From the Feeders to the Floodlights and Extension 
Receptacles 


some of the wire and conduit from the old system were 
used in the new. 


F, B. Freeman, chief engineer, Boston & Albanyae 


speaks of the results obtained as follows: One of 
the greatest troubles with the old form of lighting was 
the rapid accumulation of a black coating on the exposed 
lamp due to the damp, dirty atmosphere and the heat 
generated in the lamp itself. This rapidly lowered the 
amount of light emitted and due to the height above the 
floor, cleaning of the lamp was much neglected, the lamp 
being so high up, the rising steam and vapor which hung 
against the roof also diminished the amount of light. 
With the new arrangement, the lamp is not exposed to 
the damp atmosphere and so cannot get a deposit of 
dust on it. The plain glass front on the flood light flood 
being only ten feet from the floor is easily gotten at with 
a hand ladder and can readily be kept clean. It is also 
found that the new lights are sufficiently low so that the 
steam accumulating in the house is usually above the 
line of light. 

It was thought at first that trouble might be experi- 
enced with men running engines into the house due to 
the glare, but this has not developed. The :beams of 
light from the two flood lights crossing each other break 
up glare and diffuse the light very satisfactorily over 
the stall and light up all the moving parts of the engine 
extremely well. The first installation was made in the 
Beacon Park house, Boston, Massachusetts, and it has 
proved so satisfactory to everybody that all the houses 
on the road are now being equipped with the new system 
as rapidly as possible. 


The Eastern Region of the Pennsylvania Railroad 


in January broke all records for punctuality since the 
company resumed the management of its property March, 
1920. Of the total of 81,713 trains run 91.7 per cent ar- 
rived at destination on time and 95.8 per cent made 
schedule time. In January last year only 77 per cent of 
the trains were on time and 87.4 per cent of them made 
schedule time. 
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Enginehouse Lighting on the Lehigh and 
Hudson 


ROUNDHOUSE on the Lehigh and Hudson at War- 

wick, N. Y., has been equipped with a light- 
ing system using the utility units described in the two 
previous articles with very satisfactory results. he 
lights were installed under the supervision of C. H. Ben- 
nett, signal supervisor, who spent considerable time an] 
ran a number of experiments for the purpose of obtain- 
ing the best results possible. The units are mounted on 
a steel bracket 1314 ft. above the floor, and Mr. Bennett 
claims that the additional foot and a half materially aids 
the illumination obtained and reduces the difficulty of the 
engineer who brings the engine into the engine house. 
At the 1314 ft. height, he claims that with the slight tilt, 
the light is better distributed and does not affect the en- 
gineer’s eyes as at tne 12 ft. height, which he states is in 
exact line with the man in the cab. As with the Boston 
& Albany installation, two lighting units are placed at 
the large end of the stall, so mounted that the rays are 
crossed. With this installation tne light extends beyond 
the turntable and with the doors open there is no need 
of separate units on a roundhouse for lighting of the 
turntable. 

Mr. Bennett has also observed that unless the lamps 
are placed correctly in the units that uniform results will 
not be obtained; that is, the position of the filament with 
respect to the reflector has considerable effect on the eff- 
ciency. The filament of the 100 watt lamps is small and 
comes off in zig-zag shape from the two lead-in wires. 
If the filament is placed toward the reflector and the 
center of the filament in the center of the reflector, with 
the two lead-in wires toward the front glass, the best re- 
sults are obtained. If these lead-in wires are turned 
toward either side of the reflector, the reflector will nave 
a dark or dead appearance. 

During the day, Mr. Bennett states, the inspectors use 


a hand torch on the engines over the pit, but when the 


lighting system is in service the torch is found to b> un- 
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Photo by Ewing Galloway, N. Y. 
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necessary. The light is so well diffused that the men can 
work in the pit on most of the jobs without the necessity 
of a hand lamp. In addition, the current consumed is 
materially reduced and better general lighting is tae 
result. The breakage in hand lamps has been reduced 
more than 25 per cent. 


France to Develop Tidal Power 


HE much-discussed plan to develop tidal power in 
France has been brought nearer to realization by 
the inclusion in the budget of the Minister of Public 
Works of an item appropriating 2,500,000 francs for 
the construction of machinery at the mouth of the Rance 
River with this object in view. The plan is simple. The 
Rance has a 30-ft. tide. Enormous reservoirs will be 
constructed into and out of which tide water will flow 
through openings holding turbines. When the tide rises 
the turbines will turn, and when the tide runs out they 
will also be kept in revolution. 

“France must use all her natural forces,’ the Minister 
of Public Works said in support of the proposed appro- 
priation. “To the white coal of our mountains and the 
green coal of our fields we are going to add the blue 
coal which the length of our seaboard renders available 
to an enormous extent.” He added that the work of con- 
struction would be done by a French firm, and that he 
had already received applications for concessions of power. 
He said soundings were going on at the present time at the 
mouth of the Rance with a view to starting work on the 
reservoirs. 

The most difficult task of the French engineers was to 
perfect a turbine which would work reliably under water 
and which would turn with great quickness in response 
to a comparatively slow movement. It is understood that 
the most important part of the construction will consist 
of three reservoirs formed by walls 500 yd. long and 25 
yd. high, measured from the bed of the river. The Min- 
ister said that he expected the Rance plant to develop 
30,000 hp. or 40,000 hp.—Electrical World. 
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Michigan Central Yards at Detroit 
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Electric Traction in Foreign Countries 


Ree! conditions in European countries as seen by 
an electric traction expert were outlined by F. H. 
Shepard, director of heavy traction, Westinghouse Electric 
& Manufacturing Company, at the April meeting of the 
New York Railroad Club. Mr. Shepard has just re- 
turned from an eleven-weeks’ trip through the more 1m- 
portant European countries and he outlined his impres- 
sions as follows: | 

The high rate of exchange makes railroad development 
a difficult problem in almost all foreign countries. 
ficiency of labor has fallen off and government operation 
has caused many undesirable conditions to arise. In ad- 
dition a jealousy between some of the new countries has 
complicated the situation. 

Traffic in England has fallen off to almost the same 
extent as it has in the United States. The equipment 
is in fair condition. In Sweden it was learned that a trip 
into Russia was a possibility but was extremely dangerous. 
Russia is in dire circumstances because of lack of trans- 
portation. The absence of paint and lack of finish is 
particularly noticeable in Germany. Many employees 
are required for a comparatively small amount of work 
and some women are still employed in train service. 
Traffic movement is probably not more than 50 per cent 
of normal. The various electric plants are, however, in 
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better. general condition than the railroads and throughout 
most of the country there is evidence of a serious intent to 
get production started. Switzerland has suffered from 
the general depression, but is well off insofar as equip- 
ment is concerned. The depression has also had its effect 
in Italy and the situation has been complicated by strikes 
caused by Bolshevist propaganda. In France the rail- 
roads in the devastated regions have been fairly well re- 
stored. Business is slow in Belgium, but there are indi- 
cations that there will soon be a resumption. Railroad 
equipment is in very fair condition. Holland has been 
doing a large amount of business. 

The high cost of fuel and the difficulty of obtaining 
it have affected the railroads of most European countries 
and have made electric operation particularly desirable. 
Furthermore, each country is now more than ever desirous 
of being self-contained insofar as industry and transporta- 
tions are concerned. The result of these conditions is an 
electrification program which is outlined roughly in this 


table: 
RAILROAD ELECTRIFICATION (RoutTE Mites) 


In operation Under construction Proposed 
, Sweden 30 


Norway S..nccactnro onions 60 50 500 
Germany: ia. wanda ee ee tore 400 100: 1,500 
AIST La) Den craeeet ke eee eta tele 200 2 1,000 
Switzerland.) ci... anise 250 275 1,000: 
Dtaly (a... atic anes eine 600 . 3,000 
Fira ti@@ sopiccswet oie cite eons 50 5,000 
Kielland senpes ae elaoren ie 200 1,000 
Holland: saan wiser oe one ene 50 600: 
Beloinitn! se paciarenserei arene 590 
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A Train of 60 Refrigerator Cars on the New York Central 


~ New Steel Coaches for the Erie Railroad 


Car Wiring Reduced to the Simplest Possible Construction 
and All Conductors Fully Protected by Conduit 


HE Erie Railroad is adding a number of new steel 
cars to its equipment for use in suburban service 
operating out of Jersey City. Forty-eight of these 

cars were ordered from the Standard Steel Car Company, 
Hammond, Ind. The order called for 42 steel suburban 
coaches and six steel combination passenger and mail 
cars. At the present rate of delivery, the entire lot will 
soon be in operation. The new coaches are not quite 


Interior View of One of the New Cars 


as heavy as the Stillwell type of car which the Erie 
adopted some time ago and, unlike the Stillwell cars, the 
trucks are formed of pressed steel. Four wheel equalized 
trucks with clasp brakes are used. The new coaches are 
practically the same length cs the older ones but have a 
seating capacity of 82 persons which is two less than the 
Stillwell coach owing to the addition of a second toilet. 
The seats are upholstered with black imitation leather. 
Lighting Facilities 

The lighting facilities of the new cars consist of the 
regular Safety Car Heating & Lighting Company’s 2 
kilowatt equipment supplemented by a set of Edison cells. 
The general illumination of the car is furnished by 11 
lamps mounted along the center line of the car at 5/4-ft. 
centers. The lighting arrangement used consists of type C 
nitrogen 40-watt P. S. 20 bulbs supported in 19030 Safety 
fixtures using a 18246 satin finish Holophane shade. 
A light gray head lining is used which aids materially in 
the distribution of light. Each toilet is equipped with one 


25-watt lamp and the platforms have two 25-watt lamps 
each. The latter are mounted flush with the car ceiling 
directly over each set of steps. Polished aluminum re- 
flectors are used with the platform lights. 

The switchboard which is mounted in a separate locker 
directly above the generator and lamp regulator panel 
is the Safety company’s type C. From this switchboard 
three circuits control the lighting of the car through three 
double pole single throw knife switches. The lamps along 
the center of the car are connected alternately to two of 
these switches, one switch controlling five of the lamps 
and the other, six. The lamps in the toilet and on the 
platforms are controlled by the third switch. A fourth 
switch is used to connect the train lighting line to the 
equipment on the car whenever emergency conditions 
arise which make such a connection necessary. 

The trouble which has been experienced in the loss of 
so many train line connectors in the past, particularly on 
suburban cars, has been practically eliminated by keeping 
two train line jumpers under lock on each car. One of 
these jumpers is kept in the trainman’s locker and the 
other in the electrician’s locker. The trainmen do not 
have access to the electrician’s locker, nor can the elec- 
tricians open the trainmen’s locker. A man from the 
car lighting department, however, is on hand whenever a 
train is about to leave the station, to inspect the train- 
men’s locker in the presence of the trainman himself for 


Arrangement of Conduit Fitting and Wiring Devices With Respect 
to the Generator Location 


the purpose of ascertaining whether or not the train line 
connector is in its proper place. This method of inspec- 
tion has been the means of saving many jumpers for it 
narrows the responsibility for their safe keeping. 


Conduit and Wiring 


The wiring on the car is carried entirely in conduit. 
From the switchboard panel six wires controlling the car 
iighting circuits extend in a single conduit to a point be- 
tween the ceiling and the roof of the car just outside the 
car door. From this point branches of conduit extend to 
the nearby platform lights and toilet light, while the 
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main run extends down the length of the car to a simi- 
lar box at the far-end. > The omilepahoxes, which are 
mounted in the main run of conduit are of special con- 
struction in order to furnish suitable support for the 
lighting fixtures which are attached to them. The train 
lighting line which consists of two No. 2 B. & S. stranded 
conductors and which extends between connection boxes 
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leads are tapped at this “T”’ fitting and the two tap wires 
are brought out through two holes drilled in a composite 
insulation cover plate attached to the side of the “T.” The 
two tap wires are connected to an Anderson type C charg- 
ing receptacle located close to the terminal block and 
generator. The main battery leads continue on to the 
battery box to the top of which they are secured with 
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Sleeving 


Detail Diagram Showing Type of Equipment Used and Method of Installation 


at either end of the car, is tapped at a point above the 
head lining near the switchboard and the taps brought 
down to the switch in the switchboard locker. 

From the regulator panel locker in the car to a point 
directly over the generator, five wires are run in 1%-1n. 
conduit. Four of these wires are No. 2 B. & S. and the 
fifth which is a part of the generator field circuit is a 
No. 8 B. & S. conductor. All conductors are stranded. 
Two of the larger wires are the positive and negative 
leads from the generator. These two leads together with 
the No. 8 field circuit wire leave the conduit through an 


Type of Battery Box Used. 
Placed Within the Box When the Door Is Closed 


The Chain Shown is Removed and 


“A” condulet screwed into a Crouse-Hinds “T” which 
is located immediately above fhe generator. The three 
wires terminate in a Safety terminal block from which 
point their respective circuits are continued to the gen- 
erator by short jumper wires protected by canvas sleev- 
ing. 


The remaining two wires which are the main battery 


split porcelain cleats, their ends terminating on the posi- 
tive and negative poles of the battery. At all points where 
the wiring is brought out of the conduit to any equip- 
ment, the connections are so made that the positive wires 
will always be on the right hand side. 

The Edison type of battery has been adopted as stan- 
dard on the Erie and the battery equipment of each car 
consists of 25 cells type A-6-H having a capacity of 225 
ampere-hours. It has been estimated that a battery of 
this capacity will give satisfactory service on trains op- 
erating on short suburban runs, which represent the 
most difficult of car lighting conditions. 

The boxes for housing the battery equipments are 
somewhat smaller than those used with lead cells. The 
inside length of the box is 45 in., the height, 22% in., 
and the depth, 28 in. These boxes are of such size as 


to accommodate eight lead storage cells and if it should 
be desired at some future time to use lead cells, the only 
change necessary would be to install a second box of the 
same size on the opposite side of the car. 


Photo by Keystone View Co. 


Kings Bridge Station at Dublin, Ireland, Scene of Numerous Riots 


Effect of Heat Treatment on Metal Arc Welds 


Ring Specimens Used for Testing Permit the Taking of Many 
Samples from Small Welded Section 


By James W. Owens, J. H. Ramage and J. A. Watts 
U. S. Navy Yard, Norfolk, Va. 


MONG other metallographic features peculiar to 

all metal arc welds of iron and steel, made in air, 

the needle-like lines observed in the micro-photo- 
graph, Fig. 1, are perhaps the most outstanding and 
distinctive. 

Considerable discussion has taken place and difference 
of opinion exists as to the composition and cause of 
these needles. They have been called strain lines, twining 
lines, martenside, carbide and nitride by various investi- 
gators, but it is now almost unanimously agreed that the 
needles are an indication of the presence of nitrogen in 
the metal, probably in the form of iron nitride. 

Similar lines have been found in pure iron which had 
been nitrogenized by heating in an atmosphere of am- 
monia gas, by Strauss, Ruder and others. These in- 
vestigators also found several other forms of nitride 
which they attribute to varying amounts of nitrogen. 

Experimental work by the authors at the Norfolk Navy 
Yard indicates that the heat treatment to which the de- 
posited metal has been subjected determines the form 
of the nitride in the metal, and that the form in which 
the nitride exists has a very decided effect upon the 


Fig. 2B 


Fig. 1 Fig. 2A 


Fig. 1—Normal Amount of Oxygen and Nitrogen (X225) 

Fig. 2A—Large Amount of Oxygen and Nitrogen Produced by 
Long Arc Showing Nitride Eutectic (X225) 

Fig. 2B—Showing an Extra Large Nitride Needle (X1050) 


physical properties of the metal. The presence of nitride, 
as well as the exceptionally large amount of oxide found 
in the deposited metal, may be explained as follows: 

The electrode material, in passing through the arc, 
either in the molten or vaporous state, encounters an 
atmosphere of nascent oxygen and nitrogen formed in 
the arc by the breaking down of the molecular structure 
of these constituents of the air. 

Nitrogen, although ordinarily very inactive, is, at this 
high temperature and in the nascent or mon-atomic state, 
very active, and immediately combines with the iron. 
The longer the air gap through which the metal passes, 
the greater will be the nitrogen content in the deposit. 
This is evidenced by the greater number of needles and 
pearlitic-like nitride found in welds made with a long arc, 
as well as the weakness of these welds, Figs. 2A and 2B. 


_ *Paper presented before the Metropolitan Section of the American Weld- 
ing Society, New York. 


metal in the arc during the welding operation, the ductil- 
ity of the deposit would be greatly increased. 

When made with a mild steel or ingot iron electrode, 
the deposit is almost carbonless iron. Iron in its pure 
state would be very ductile and fairly strong, but in the 
weld is comparatively weak and very brittle, owing to 
its strained, large and columnar grain structure, Fig. 3, 
and large content of oxide and nitride of iron, besides 
slag inclusions and blow holes, Fig. 1. 

In our investigations welds were made under varying 
conditions, and subjected to a variety of cooling treat- 


Fig. 3—Columnar Grain Structure Produced By Chilling (900) 


ments. Upon examining some very rapidly chilled welds, 
no needle-like structure at all was apparent, although 
made from the same electrode material and in the same 
manner as other welds, except for this chilling, etc. This 
sndicated either that there was no nitrogen in these welds 
or that it was present dissolved in the ferrite. This sug- 
gested a line of research, the results of which follow. 


Effect of Heat Treatment Upon Nitride in Welds 


A bar made entirely of deposited material was prepared, 
from which seven test rings were cut and numbered con- 
secutively 1 to 7. Rings Nos. 3, 4, 5 and 6 were heated 


Fig. 4 Fig. 5 Fig. 6 


Fig. 4—After Annealing. Showing Needles and Oxide Spots as in 
Fig. 1, But Pearlitic—like Areas Have Disappeared (X900) 

Fig. 5—After Quenching. Showing Structure Similar to Pure Metal. 
Needles Have Disappeared But Oxide Spots Still Present (X900) 
Fig. 6—Specimen (Fig. 5) Re-heated to 2000° F. and Cooled in Fur- 
nace. Needles Re-appear But Fewer in Number (X1050) 


to 2,250 deg. F. for about three hours. Nos. 3 and 4 
were allowed to cool in furnace, while Nos. 5 and 6 
were removed and quenched in ice water. The structure 
of the metal as deposited, after annealing and after 
quenching is shown in Figs. 1, 4 and 5, respectively. 
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As deposited, the metal shows the characteristic fea- 
tures of metal arc welds, namely, oxide spots, nitride 
needles and pearlitic-like nitride. 

After annealing the metal had the same features as the 
ordinary deposited metal, showing needles and oxide 
spots, but the pearlitic-like areas had disappeared. 

After violent quenching the structure is seen to be very 


Fig. 7—Quenched at 950° F. Showing Nitrides Dissolved in Ferrite 
Causing Critical Point Also Curly Grain Structure and Darkening of 
Some of the Grains to a Brownish Shade (X1050) 


much different from either the material as deposited or 
after annealing. The oxide spots were still present, but 
aside from these, the only other features were the grain 
boundaries, just as in pure metal and solid solutions. 
The rings were now turned to the correct size for tensile 
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It appeared from a study of the micro-structure and 
the data obtained that at some temperature between at- 
mospheric and 2,250 deg. IF. the nitrides are dissolved in 
the ferrite just as the carbides are, and that in this condi- 
tion of solid solution the nitrogen renders the iron ex- 
tremely brittle, without, however, affecting its hardness. 
The nitrogen, at least that present as nitride, is also re- 
duced in amount by subjecting the metal to long heating 
at some temperature below 2,250 deg. F. Upon slow cool- 
ing through this new critical range the needles are again 
ultimately formed, but are fewer in number, due to the 
loss of nitride, and the metal regains some ductility. The 
carbon present was less than .05 per cent as determined 
by repeatedly checked analyses, and would not account 
entirely for the pearlitic-like areas which are assumed to 
be another form of the nitride, possibly together with 
some carbide. 

No conclusion as to the strength of the deposited metal 
can be reached from the foregoing and no fair com- 
parison can be made of strength and ductility before and 
after annealing, as the metal was soaked for a long time, 
as noted, at a temperature far above its recrystallization 
point, causing tremendous grain growth, as shown in 
micro-photograph, Fig. 4, and hardness tests. 
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Fig. 8—Deposited Metal Specimens—Heat Treatment 'Tests—Metal Arc—Direct Current—Bare Mild Steel Electrodes (The Norfolk Tests). 
Curves Plotted From Data—Tables I, II1A, B,C and IIIA,B 


and ductility tests in the Owens testing apparatus. The 
chips from rings 1 to 6, inclusive, were sent to the Bureau 
of Standards for determination of the nitrogen present 
as nitride. 

The data collected on the physical properties of these 
rings is given in Table I. 


Ring No. 7 was now heated for a short time (approx- 
imately 15 min.) at 1,200 deg. F., and allowed to cool! 
with the furnace, with results as noted, in Table I. 

These results have been repeatedly checked since and 
always show that slow cooling from the proper temper- 
ature increases the ductility of the deposited metal. This 
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TABLE I 
Errect oF NirripE ON TENSILE STRENGTH, Ductiliry anp HarpNEss 
Remarks* 
: Elongation Scleroscopic 
Specimen Ultimate strength hardness 
number Treatment In inches Per cent 
In lbs, (circum- Inpercent nitrogen Each 
‘ In lbs. persq.in. ferential) (of 31%4 in.) asnitride specimen Average 
1 Jisp USOT 16,55 5 nino 50.6 cD GOO DODOe mba ca.5 OousedaD Denne oorsp 3,990 46,500 0.075 4, 0.142 21.6 or 
2 As - deposited Monette eee eee eee eee ence eect eee ee 4,450 52,000 0.090 a7) 0.141 22.2 21.9 
5 Heated to 2,250" I. for 3 hours, and quenched in ice water...... 1,800 19,500 0.030 1.25 0.041 14.0 15.1 
4 Heated to 2,250° F. for 3 hours, and allowed to cool in furnace.. 1,950 20,000 0.035 150 0.038 16.2 Sct 
5 Heated ' to 2,250 F. for 3 hours, and quenched in ice water...... 1,570 16,800 0.000 AG 0.051 18.0 19.0 
6 ~Heated to 2.250° F. for 3 hours, and quenched in ice water...... 1,880 19,000 0.000 0 0.048 20.0 ee 
7 Heated to 1,200° F. for 15 minutes, and allowed to cool in furnace. 4,570 54,000 0.216 8.75 Seiwa sc 
Each layer of deposit cleaned with brush only. 
would indicate that the rate of cooling of the weld in TABLE Il 


air as occurs in ordinary practice is too 
all of the embrittling dissolved nitride 
solution. 

The quenched samples, showing no needles, Fig. 5, 
were reheated to about 2,000 deg. F., and slowly cooled 
for further proof that the nitride was still in them, Fig. 6. 
This micro-photograph is typical of the structure of 
these specimens, which again show the needle structure, 
the needles, however, being fewer in number. 

An attempt was made to determine the critical points 
with a transformation point recorder, but only two very 
faint points were found in all samples at approximately 
1,400 deg. F. and 1,580 deg. F., both undoubtedly iron 


rapid to permit 
coming out of 


Fig. 9 


Fig. A Fig. B 


Fig. 9—Quenched at 850° F. Needles Begin to Form (X1050) 

Fig. 9A—Quenched at 775° F. Pearlitic and Needle-like Form (X1050) 

Fig. 9B—Quenched at 775° F. Pearlitic-like Form at Higher Mag- 
nification (X1200) 


or very low steel points. No attempts were made to 
carry the cooling below 1,000 deg. F. 


Determination of Temperature at Which Nitride 
Changes Take Place and Corresponding 
Structural Changes 


In order to determine by microscopic examination and 
physical tests where this change in nitride and ductility 
took place a large number of rings of deposited material 
were prepared. The carbon content of this material was 
below .06 per cent and the rings were subjected to various 
heat treatments, photographed and tested. The results 
of these tests are tabulated in Tables II-A, II-B, III-A, 
and III-B. 

An average tensile strength and ductility of rings as 
deposited is 58,166 lb. per square inch, with 534 per cent 
elongation in 314 inches, Table III-B. 

While the few tests run in the short period devoted 
to this work are not sufficient to establish beyond doubt 
all of the phenomena of the nitride changes in iron, the 
following conclusions seem to be well founded: 

At some temperature between 800 and 1,000 degrees 
Fahrenheit, the nitrogen in the iron as iron-nitride is dis- 
solved in the ferrite, Fig. 7, giving rise to a critical point. 
The ferrite containing dissolved nitrides is rendered very 


Errect oF ANNEALING ON TENSILE STRENGTH AND DUCTILITY 
Remarks—(a) Temperature of furnace was gradually reduced and each 
specimen put in at temperature given, and maintained at this temperature 
for time specified. (b) A specimen or specimens once put in, remained in 
furnace until cold. 


A—Very long annealing (each layer cleaned with brush only) 


Ultimate strength Elongation 
Time specimen ;— a — aa 
Speci- Tempera- was held In inches. In per 
men ture in at tempera- In lbs. (circum- cent of 3% 
number degrees F. ture specified In lbs. per sq.in. ferential) in. (true) 
Ba 2,250: 4% hrs. 1,880 19,000 .030 1.25 
6a 2250 4% hrs. 1,950 20,000 .035 1.50 
H20 1,900: 2. hrs: 3,360 38,500 221 9.25 
H27 1,900: Beats: 3,510: 40,500 245 10.25 
7a 1,200 1%4 hrs 4,575 53,750 .216 8.75 
B—Long annealing (each layer cleaned with brush only) 
19 1,700 10 min. 3,640 42,000 ahZ5 aae 
16 1,400) 15 min. 3,476 40,000 .085 3.50 
17 1,300 15 min. 3,110 36,000 .045 Was 
18 1.200 15 min. 3,100 36,000 040: 1.50 


C—Short annealing (each layer of deposit cleaned with brush) 


Remarks—(a) Specimens specially deposited for test given. (b) Three 
separate tests, A, B, C. (c) Averages used for plotting curves. 
Ultimate strength Elongation 
Anneal- —— A —\ 
ing tem- Ininches In per cent 
Specimen Test perature in In lbs. (circum- of 3% 
number number degrees F. In Ibs. persq.in. ferential) in. (true) 
diay e csetees 1 1,800 4.866 57,000: 0.275 Tes) 
f= Dou tence 2 1,800 Poor specimen tees Lfvecs 
l= Ceeietes 5) 1,800 4,430 52,000 12 5.0 
Average.. ks Auer 4,645 54,500 .197 8.2 
2 ante rs 1 1,700 3,890 45,000 .098 4.0 
2a into ae 2 1.700 Pocr specimen eke A Se: 
2-0 xe wate 3 1,700 4,750 56,000 shy 7.0 
Average Ste wee 4,320 50,500 .134 On6 
=a ett eos 1 1,600 4,860 57,000 RLZ5 7.0 
Babette. 2 1,600 4,070 47,500 16 6.75 
B=Cle vieclees 3 1,600 5,930 67,500 132 13225 
Average 5s ee sss 4,950 57,650! .218 9.0 
ane cee 1 1,500 5,060 59,500 .180 Hess) 
4=Dias era 2 1,500 4,220 49,500 ail 4.0 
AO sae 3 1,500 5,460 63,000 30 1255, 
Average #2 ane 5,800 57,300 .193 8.0 
=a eWetersene it 1,400 4,160 48,500 Aiba) Be 
5b aniers 2 1,400 5,010 59,000 22 9.25 
Saute rises 3 1,400 6,330 71,200 133 13:25 
Average Pi are chs 5,160 59,560 226 9.33 
als bales s 1 1,300 4,270 47,740 .07 2573) 
GaDisiers kere 2 1,300 4,020 47,000 .065 2.75 
6208.6 cones 3 1,300 6,200 70,000 so 13.0 
Average ae satel 4,830 54,900 148 6.16 
POs se. saline 1 1,200 5,380 62,500 sila 4.5 
T=Dews oes 2 1,200 4,160 40,750 BZ 7.0 
ic SR 3 1,200 5,070 59,750 30 1255 
Average ae icksts 4,870 57,000 3193 8.0 
Baa ices 2 1 1,100 6,530 73,000 .22 9.25 
B=baw ees 2 1,100 5,350 62,500 .195 8.0 
8=C. anes 3 1,100 5,070 59,750 .26 10.75 
Average.. <a eaten 5,650 65,080 1225 9.33 
Qe arias ats 1 1,000 5,680 65,000 Ailes} 5.5 
Qe bisid ie aie, 2 2 1,000 Poor specimen in ai ane 
Qe era a ales 3 1,000 6,080 68,750 -36 15.0 
Average.. af ees ss 5,880 66,875 245 10.25 
10-a..... 1 900 4,230 49,500 .055 2.25 
10-b..... 2 900 4,580 53,750 2 8.25 
10-c..... 3 900 ° 5,010 59,000 .28 11.75 
Average.. ir erate 4,676 54,080 .34 7.41 
M2) Sais oo 1 800 7,230 78,000 aah 6.25 
1d—b.2ee. 2 800 4,070 47,750 076 3.0 
Mc: 3 800 5,010 59,000 Rl 8.75 
Average.. Sie rats 5,436 61,910 .145 6.0 
1D =aiore tits 1 700 3,835 44,500 01 0.25 
12=bi eer 2 700 4,830 57,000 2 5.0 
LOA Cee nuke 3 700 4,930 58,250 19 8.0 
Average aA mack 4,531 49,910 .106 4.5 
13=a4 02516 1 600 6,770 74,500 itil 4.5 
13=bisiss 2 600 4,640 70,625 105 4.25 
WC Sci 3 600 5,850 66,750 .215 9.0 
Average Wists 6,198 62,250 .146 6.00 
14—a..... 1 500 4,450 52,400 .038 fe5 
14-b..... 2 500 4,200 49,000 .051 2.0 
W4=G Bis tie 3 500 4,260 50,000 09 3.75 
Average ners 4,303 50,300 “O20 2.75 
Material as deposited 
See rretens 1 5,458 54,000 .062 2.5 
15—b...... 2 5,370 62,000 150 6.25 
[5 cle steers 3 5,400 62,500 222 9.25 
Average.. Scie 59,500 mae GE 


ihe 


brittle, losing practically all of its ductility. This is 
clearly shown in curves, Fig. 8. With slow cooling back 
through this range, the nitride comes out of solution and 
ultimately assumes either the needle-like form, Figs. 1 
and 4, or the pearlitic-like form, Fig. 9B. It is yet un- 
determined which is the ultimate state of equilibrium at 
low temperature. With the nitride no longer in solid 
solution, the ferrite regains its ductility. The transition 


TABLE III 
EFFECT OF QUENCHING ON TENSILE STRENGTH AND DUCTILITY 


Remarks—(a) Specimens heated to temperature given and quenched in 
ice water at temperature specified. (b) Specimens ‘‘A’’ quenched at a 
lower temperature than that to which heated, while specimens ‘“B’’ were 
quenched at the same temperature to which heated. 


A—Each layer of deposit cleaned with brush only 


Ultimate strength Elongation 
aa) 


fei Ay Pern CAL 


Tem- —S = ah a Pa 
perature in Quench- In 
Speci- Time degrees F. ing tem- Ininches per cent 
men in to which perature in In lbs. (circum- of 3% 
number furnace heated degrees. Inlbs. persq.in. ferential) in. (true) 
A-4 4% hrs e250 2,250 1,740 18,390 .000 .000 
B-4 A Mass 1,900 1,800 1,070 10,540 .000 .000 
B-20 2 hrs 1,900 1,700 6,140 73,253 .007 .020 
B-14 2. hrs. 1,900 1,500 5,380 65,875 .004 Ode 
4 15 min. 1,90U 1,400 1,020 21,080 .000 000 
5 15 min. 1,300 1,300 2,000 22,134 .0005 001 
6 15 min. 1,200 1,200 2,680 31,620 .002 .005 
F 15 min. 1,100 1,100 2,010 32,674 -000 .000 
E 15 min. 1,000 1,000 1,000 9,486 .000 .000 
D 15 min. 900: 900 2,780 33,201 003 .008 
C 15 min. 800 800 3,570 43,741 .020 be 
A 15 min. 600 600 4,170 51,119 .065 1.85 
B—Each layer of deposit cleaned with pneumatic roughing tool 
A 5 min. 1,700 1,700 7,790 82,000 014 5 
B 5 min. 1,600 1,600 7,710 81,000 018 vA 
(c 5 min. 1,500 1,500 7,000 76,250 -000 0 
D 5 min. 1,400: 1,400 3,780 44,000 .015 a 
E 5 min. 1,300 1,300 3,200 37,000 .001 0 
F 5 min. 1,200 1,200 3,500 40,500 .000 0 
G 5 min. 1,100 1,100 3,330 38,250 .000 .0 
18 5 min. 1,000 1,000 2,910 33,000 .000 .0 
i 5 min 900 900 4,460 52,000 .000 -0 
i 5 min 800 800 5,920 67,500 .025 1.0 
K 5 min 700 700 7,910 82,750 .062 2.5 
L 5 min 600 600 5,720 65,500 09 S/he) 
Material as deposited 
1 O° eee 5,090 60,000 145 6.0 
XD it Fae Tee 5,140 60,500 .178 Hee) 
SU AL sci ieee 4,600 54,000 .092 Sips 
Average ...... nen 58,166 sists 5.45 


is not rapid, requiring quite a long period of time at or 
near this range. 

The nitride seems to cause several structural changes 
in the metal during the transition, first a sort of a curly 
grain structure, Fig. 7, then a darkening of some of the 
grains to a brownish shade, shown in the same figure, 
then possibly a coagulation of the nitride in the pearlitic- 
like areas, Figs. 9A and 9B, and finally the needles, as- 
suming that the needles are the ultimate form. The 
needles appear to have no effect upon the ductility or 
strength of the ferrite, acting merely as a mechanical 
inclusion. Mr. S. W. Miller mentions this in his paper 
on “The Path of Rupture in Steel Fusion Welds.”* The 
metal also appears to drop off considerably in tensile 
strength during the transition stage, again regaining it 
after completion of the solid solution. 

The ultimate strength curves of the quench specimens, 
Fig. 8, also clearly shows the effect of the recrystalliza- 
tion point in the vicinity of 1,500 to 1,700 deg. F., indi- 
cating that this new critical range is entirely distinct 
from that in which the recrystallization and carbon 
changes take place, as also do the critical points found 
and previously mentioned. 

The foregoing indicates that the nitride, although a 


“ Presented before the American Institute of Mining Engineers, New 
York, February, 1919. 
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very important source of brittleness, may be reduced by 
slow cooling from above 1,000 deg. F. There will al- 
ways, however, exist an extremely weak and brittle point 
at or near 1,000 deg. F. and metal arc welds cannot, with 


Fig. 10A Fig. 10B 


Fig. 10A—Standard Specimen 

Fig. 10B—Base Metal (Ship Plate) Specimen After Test. The 
Specimens Are Tested by Using an Ordinary Testing Machine to 
Force a Hardened Steel Wedge Into a Split Ring Placed Inside the 
Specimen 


safety, be subjected to stresses when near this temper- 
ature until a method of preventing nitrogenization and 
oxidation during welding is developed. 

The curves, Fig. 8, show the effect of short, long and 
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Fig. Fig. 10D 


Fig. 10C—Showing Fracture Deposited Metal Bare Mild Steel 
Electrode Used Specimen After Test 
Fig. 100—Same as Fig. 10C Expanded to Showing Structure 


very long annealing, also quenching and metal as de- 
posited. 

It is proposed to check up these results by further 
research. 

Fig. 10 shows test specimens used in the test. Note 
the difference in ductility between the base and deposited 
metal specimens. 


Discussion 


Written discussions of the paper were submitted to the 
American Welding Society. S. W. Miller, Rochester 
Welding Works, Rochester, N. Y., submitted a discus- 
sion in which he stated that, in his opinion, not enough 
tests had been made to warrant the conclusions drawn. 
He also suggested that the method of testing used was 
admirably suited for checking up welders, but not desir- 
able for obtaining exact values of tensile strength and 
elongation. In connection with the discussion of the 
strength of electric arc welds made with bare mild steel 
electrodes, Mr. Miller said, “It should not be forgotten 
that as yet there is no proof that the so-called needles are 
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nitride of iron, or that the eutectoid, which has the ap- 
pearance of pearlite, is really composed of iron nitride, 
because as yet the chemical compositions of these items 


ence of nitrogen. 


' 


have not been determined. In spite of this, I believe that 
the needles and eutectoid are really caused by the pres- 
The facts are that the structure of arc 
welds resembles iron that has been subjected to the action 


of ammonia at high temperature.” 


. 


Henry F. Rawdon, physicist, Bureau of Standards, 
elaborated on and explained some of the results obtained 
by Mr. Owens by means of data which had been gathered 
by the Bureau of Standards. 

In answer to Mr. Miller’s criticism of the accuracy of 


the method of testing employed, Mr. Owens stated that 


_ the method of testing had been greatly improved. Origi- 
nally, a tapered conical plug was inserted in the cylindri- 


cal hole of the ring and no allowance made for variable 
friction. Now, the ring shaped specimen is placed on a 
hardened steel die which rests on the base of a standard 
testing machine and is expanded to the point of fracture 
of the specimen by a hexagon shaped plug, which bears 
against a hexagon wedge divided into sectors which is 


-jnserted-in the hole of the ring. The surfaces of both 
plug and wedge are carefully hardened and ground to 


ances being made for friction. 


the ring by a suitably designed gage. 
for both friction and per cent elongation are used, the 


secure a constant coefficient of friction. The load re- 


quired to break the ring is noted on the testing machine 


and the true breaking strength calculated, proper allow- 
The per cent elongation 
is obtained by measuring the circumferential stretch of 
Calibration curves 


accuracy of which have been verified by checking against 
standard tensile specimens. 

The discussion presented by Mr. Ramage dealt with 
Mr. Miller’s reference to the identity, or lack of identity, 
of the needles. Mr. Ramage said, ““No attempt was made 
by the author to prove that the needles are iron nitride, 


- put it was simply stated that it is now almost unanimously 


agreed that the needles are an indication of the presence 
of nitrogen in the metal, probably in the form of iron 
nitride. The needles are called nitride throughout 
the paper simply as a means of identification. However, 
aside from this point, no evidence was presented to prove 
them other than nitride.” 

Mr. Watts stated that metal arc welds, due to their 
varying rate of cooling, may contain some of the nitrogen 
in solid solution and some in the visible form, such as 
needles and plates, thus imparting varying degrees of 
brittleness to the deposited metal. 


Electrical Progress in Japan 


T ne latest annual report from the department of rail- 
: ways, Government of Japan, gives some interesting 
facts regarding the extent to which electricity is being ap- 
plied to railroad use in that country. 

The electrical equipment in use may be summarized as 
follows: Six hundred miles of power cable, having a wire 


length of 2,140 miles; 183 miles of third rail; 76 prime 


_ 24 motors (7,920 hp.) for 12 electric locomotives. 


movers developing 25,682 hp.; 98 generators and conver- 
tors, representing 25,083 kw. and 204 transformers repre- 
senting 17,323 kw. The motor stock comprises 748 motors 
(10,889 hp.) for power supply purposes, 522 motors 
(36,634 hp.) for the operation of 152 electric trains and 


BLECTRICAL ENGINEER 


The _ 


193 


electric lighting apparatus consists of 83,921 incandescent 
lamps, requiring 3,309 kw., 54 arc lamps requiring 37 
kw., besides 33,838 incandescent lamps fitted in coaches. 
The power supply from the power stations totaled 33,584,- 
864 kw. hr., and the transformer stations supplied 27,968,- 
709 kw. hr. 


Electric Power Stations and Sub-Stations 


On March 31, 1918, there were 16 power stations and 24 
sub-stations in operation. Compared with the preceding 
year, the power stations showed no increase in number, 
while the sub-stations increased four. The distribution of 
these plants was as follows: 

Power Stations—Main Island: Yokogawa, Omiya, 
Sandaigawa, Yaguchi, Kashiwagi, Hamantsu, Osaka, Ta- 
katroi, Okayama, Shimonseki. 

Island of Hokkaido: Kuromatsunai, Muroran, Oiwake, 
Asahigawa, Ikeda, Shimofurano. 

Sub-Stations—Main Island: Maruyama, Yagasaki, 
Tsuchizaki, Nagano, Ikebukuro, Harajuku, Eirakucho, 
Oimachi, Kawasaki, Oi Works, Nagoya, Kanazawa, 
Minatomachi, Kyoto, Kobe, Himeji, Hiroshima. 

Island of Kyushu: Kokura, Moji, Tobata, Nagasaki, 
Wakamatsu, Wakamatsu Works. 

Island of Hokkaido: Naebo. 

The Shimofurano power station was newly established 
in April, 1917. In June the Naebo power station was con- 
verted into a sub-station, and in August and September 
three sub-stations were newly provided at Nagasaki, O1 
Works and Wakamatsu Works. 

Compared with the preceding year, the prime movers 
decreased eight, representing 1,773 hp., and the dynamos 
and convertors also decreased seven, representing 1,022 
kw., while the transformers increased 19, representing 
763 kw. 

The financial results of the year’s operation were as 
follows: 

PoweER STATIONS 


el chisesae Keio ~eoeeecocnto0 cosoconenncenos 33,584,864 kw, hr. 


MotalmopehatinemexpeCNSCSelec hale cre etal ett star $378,705 
By=pEOGUCEMEALTMIMGS) feisle + wie oielel-vels) ieteisl arenes ie fer $106,957 

ING TS NSNSES Socal madone ord Joos bons uoom oe $271,748 
Average net expenses per kw. hr..............-. .81c 

Suz-STaTIONS 

TeM GARR: Folowheomoeoooooucucancccsbondaccd CU pHlIe oye lie 
Total operating Expenses. ........--5+eeee-+seee $283,558 
By-product earmings «. <2... cee asi eee eee sree $6,385 

INGSs Grae bo ome etek obuoo do ou eon oo ooomIbE 6 ceo $227,174 
Average net expenses per kw. hr.....-.-....+-.. 991e 


Power Transmission Lines 


In addition to the length of power transmission lines, 
mentioned in the second paragraph of this article, there 
are also 48.8 trolley lines with a total wire length of 156 
miles, 185 miles of rails being used for return circuits. 
Compared with the preceding year, the length of trans- 
mission lines increased 78 miles, or 16.5 per cent, and the 
length of wire 190 miles, or 10.6 per cent, while the trolley 
lines increased only 2.4 miles with 7.3 miles of wire 
length. 

Electric Lamp Stock and Motors 


Compared with the preceding year, the number of in- 
candescent lamps increased 8,366, or 11.7 per cent, and 
the watts represented thereby showed an increase of 22 
kw., or 7 per cent, while the arc lamps decreased 11, or 
16.92 per cent, representing 8 kw., or 17.23 per cent. 

The motors in service represent an increase of 59, or 
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8.56 per cent over the preceding year, but with a decrease 
in capacity of 63 hp., which is represented by a decrease 
of .58 per cenit: 

Train Lighting 

At the end of March, 1918, there were 20 train electric 
lighting houses located generally at the termini or junc- 
tions of the leading lines. The passenger coaches lighted 
by electricity totaled 3,834, and the number of lamps used 
for this purpose was 33,838. The number of generators 
used was 1,147, while 27,701 cells comprised the storage 
battery equipment. As compared with the preceding 
year, the passenger coaches increased 22, or .58 percen 
the lamps 440, or 1.32 per cent, the generators 16, or 1.41 
per cent, and the battery cells 380, or 1.39 per cent. 

The expenses of train lighting aggregated $222,908, 
working out to $75.41 per unit of equipment. Compared 
with the preceding year, the expenses increased $48,339 
and the average per unit $15.41. 


Electric Cars and Locomotives 


The details of working of electric cars and locomotives 
during the year are as follows: 


Erectric Cars 


Mileage rum: . firsts: tsi fs Gee eel lesa ci oe 6,968,946.6 
Cary mileage™ reditced: chimeaacceie ee eee 6,598,090.5 
Current consumed: ink waht en cen ee eee ee 15,279,313 
Value sot (current consumed int kw.) hoe eee $135,997.43 
Current cansumed in kw. hr. per 100: electric car miles. :?. 232 
Value of current consumed in kw. hr. per 100 electric car 
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Exectrric Locomottves 

Muleage ram" (aia s er etre orks Let ae ee ee ay 149,166.6 
Vehicle, mileagethagled: cus sna. oc eee eee oe heme 1,008,777 
Current consum equine lcvan hiatal ee eee ee 2,979,693 
Maluerofcurrenteconsutied anit nt aaa ne $60,088.37 
Current consumed in kw. hr. per 100 locomotives miles.... 1,998 
Value of current consumed per 100 locomotive miles....... 40.28 


Training of Railway Men 


The Central Institute is provided for giving profes- 
sional education to railway servants upon subjects bearing 
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on railway business in general. It is divided into four de- 
partments—railway business, technical, electrical and Eng- 
lish language course. . 

The technical course consists of such subjects as me- 
chanics, steam and electric motive power, locomotives, 
passenger and freight cars, passenger and freight busi- 
ness, drawing, tracks and roadway, safety working, 
train-working, telephony and telegraphy, mathematics 
and the English language. 

The electrical course, in addition to most of the above 
subjects, includes electricity and magnetism, motors and 
generators, electric lighting and power, electric railway, 
electric signals and an outline of rolling stock and motive 
power. ng 


Box Connector for Flexible 


Conduit 


The device shown in the illustration is a connector for 
metallic flexible conduit with an adjustable clamp. It is 
adaptable to a wide range of type and sizes of conduits 

- and the advantages claimed for it are 
ease and rapidity of installation. A 
projection on the clamp and inside of 
the sleeve is designed to engage the 
groove of the BX conduit and prevent 
slipping. The set screw is located in 
the center of the sleeve. When pres- 
sure is applied with a screw driver, 
the position of the screw prevents the 
entire connector from loosening and turning in the outlet 
box. The end of the screw is upset to safeguard against 
loss. This clamp was brought out recently by the Nichol- 
son Electric Fittings Company and all patents and ma- 
chinery necessary for manufacture have been purchased 
by The Appleton Electric Company, Wellington avenue, 
Chicago. . 


Box Connector 
for B X Conduit 


Aerial View of Union Station, Senate Office Building and Post Office, Washington, D. C. 


Characteristics of the Electric Locomotive’ 


A Discussion of Inherent Advantages Which Clearly Show to What 
Extent the Steam Locomotive is Outclassed 


HE rapid growth of the United States in population 
iy and in wealth has been made possible only through 

its vast network of railways. Our railways and 
practically the entire inland transportation system have 
grown up around the steam locomotive. To this pictur- 
esque personification of power then, we owe our national 
greatness. However, there have been many evidences in 
the last few years which indicate that our railways need 
more power, and a different kind of power, than the 
steam locomotive can supply. 

The rapid growth of the country, stimulated as it was 
by the railways, has imposed most severe requirements 
on them. There has been an unceasing demand from the 
traffic department for more power, for larger and still 
larger locomotives. The steam locomotive designers have 
risen to the occasion magnificently and the modern steam 
locomotive is so much larger and more efficient than the 
locomotive of thirty years ago that a comparison between 
them is scarcely possible. It would seem, however, that 
the limit to the capacity of the steam locomotive has been 
closely approached, if it has not already been reached, 
and where greater capacity is required, another type of 
motive power must be used. The other type of power, 
in the shape of the electric locomotive, is in the field 
prepared to take an increasing share of the load from 
the boilers and cylinders of the steam locomotive; to take 
the load where the inherent limitations of the steam loco- 
motive make it unequal to the demands upon it or its 
use undesirable or impracticable. 

The far-seeing railway operator is studying the sub- 
ject of electrification more seriously than ever before, 
and he confidently looks to the electric locomotive to 
help him out of many difficulties. He starts with the 
desire for more power and with the idea that he will sub- 
stitute the electric locomotive whose power can be made 
anything that is desired, for the steam engine whose 
power is limited by the boiler it carries. While there is 
no question as to the ability of the electric locomotive 
in this respect, he finally realizes that electrification 
requires practically a revolution in operating methods 
before all of its advantages can be secured. 

Many of the old ideas that have grown up around the 
steam locomotive will have to be modified or abandoned 
and new methods introduced. The length of engine divi- 
sions, ruling grades, distribution of coal and watering 
stations, dispatching, the tonnage and speed of trains, 
the design of stations and terminals, have all hinged 
around the steam locomotive. This revolution will not 
have to take place all at once,—it will be rather a gradual 
evolution of new methods that will be worked up by the 
more progressive operators, as the advantages and possi- 
bilities of electrification develop before them. 

Among the many features that will become evident to 
the operating man making a close study of the subject of 
electrification, are the following: 

(1) The power that can be applied to a train is in 


*Abstract from an address by N. W. Storer, general engineer, Westing- 
house Electric & Mfg. Co.. delivered befcre the Franklin Institute, Phila- 
delphia Pa., April 14, 1921. 


no way limited by the size of the individual motive power 
unit. The electric locomotive derives its power from a 
central power station which may carry the entire rail- 
way load and a large industrial load at the same time. 
Theoretically, the locomotive can draw the maximum 
amount of power that can be utilized at one point in 
the train. Whatever may be the size or capacity of the 
individual motive power unit, it places no limit on the 
amount of power that can be controlled from one cab, 
since two or three, or half a dozen if need be, of these 
units may be coupled together and operated on the mul- 
tiple unit system like a train of suburban or subway cars. 
A locomotive may then be an aggregation of motor 
trucks with a single engineer’s compartment. Practically 
the only limit to the tractive effort that can be controlled 
from this one point is the strength of the drawbars. 
Drawbar pull, however, is not the only way in which 
the greater power is developed; speed accounts for fully 
as much and it will soon appear that the highest economi- 
cal speed for traffic movement can be met by the electric 
freight locomotive; this may be two or three times as 
great as that of the steam locomotive. This is particu- 
larly apparent on the mountain grades where the heaviest 
freight trains when pulled by steam locomotives make 
from 7 to 10 miles per hour, while the same trains or 
heavier ones pulled by electric locomotives run from 14 
to 20 miles per hour. The electric locomotive makes it 
possible to operate freight trains at practically any de- 
sired speed. From this it can be seen that freight trains 
can more closely approximate passenger train schedules 
and thus greatly increase the track capacity. 

In passenger service it is probable that it will not be 
considered economical to operate trains at much higher 
maximum speeds than are attained with steam locomo- 
tives. However, it will be possible to operate at a more 
uniform speed and with fewer delays. Heavy grades can 
be covered at as high speed as is safe or economical, so 
that if desired a higher schedule speed can be maintained 
with the same maximum speed as at present. 

(2) The length of the division on the railroad will be 
no longer limited by the locomotive. Electric locomotives 
make the run daily over the entire electrified section of 
the Chicago, Milwaukee & St. Paul Railway between 
Avery and Harlowton, a distance of 440 miles, and are 
repeating this trip over and over until 4,000 miles or 
more have been covered before the locomotive goes to 
the shop for anything but the casual light inspection 
it receives at ends of runs. There is no question but that 
the locomotive division could be much longer than 440 
miles if it were convenient or desirable to make it so. 
If the large ocean liners can keep their engines running 
for a couple of weeks without stop, and Pullman cars 
can run thousands of miles, there is no reason why 
electric locomotives cannot operate equally well, and take 
equally big runs. Under the conditions of operation on 
the Chicago, Milwaukee & St. Paul Railway, even with 
only two passenger trains each way per day, one locomo- 
tive has made more than 11,000 miles in a single month. 
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With the schedule arranged to suit, this mileage might 
easily be from 15,000 to 20,000 miles per month. This, 
of course, means a great reduction in the number of 
locomotives required. A record for a continuous 24 
hour run of 766 miles has already been reached by the 
passenger locomotives on this road. 

(3) Electrification permits radical changes in termi- 
nals, due partly to the absence of smoke, dirt and noise, 
and very greatly to the use of multiple unit car equip- 
ments for the suburban traffic. The absence of the smoke 
and dirt results in a change in the entire character of 
the neighborhood surrounding the railroad and its sta- 
tion. The railway is free to take full advantage of its 
aerial rights in the construction of hotels, office buildings, 
warehouses, etc., over the tracks, which with steam loco- 
motives must be left open. What this one feature alone 
means in a congested center like the Chicago district, 
for instance, where there are 4,500 miles of steam rail- 
road track in operation, it needs no words to tell. Where- 
ever the value of real estate is high, the land covered by 
the railroad is very valuable and its use for building pur- 
poses can be made a source of revenue to the railway, 
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which will go far towards paying the cost of the electrifi- 
cation. 

The absence of smoke and dirt makes it safe and 
desirable to enter the city in a subway, and to have the 
tracks on two or more levels with a corresponding in- 
crease in capacity of the station site. This in the future 
may, in fact, be the only possible answer for the increase 
in needed capacity. 

The use of multiple unit equipments makes large in- 
crease in the terminal capacity, especially where it is a 
stub end terminal like that at Broad Street, Philadelphia, 
by decreasing the number of idle movements in the 
terminal which are necessary with the steam locomotive 
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but are not required at all for the electric. All of these 
advantages are familiar to everyone who is interested 
in the subject. 

A considerable improvement in terminals will also be 
made in the handling of freight. The electric switcher 
lends itself to any desired arrangement of terminal and 
yards. It has proven its value in the great Harlem River 
yards of the New York, New Haven & Hartford Railway 
where the switchers remain in continuous service a month 
or more at a time with no more attention than the crew 
can give them. 

(4) The advantage in the use of the electric locomotive 
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Fig. 2—Speed Tractive Effort Characteristics of Steam Locomotive 


for long tunnels is obvious. This has been recognized 
for many years, and many long tunnels that were objec- 
tionable with steam locomotives have been electrified with 
the best of results. The Simplon Tunnel, constructed 
under the great mountain range between Switzerland and 
Italy, was based wholly upon electrical operation. In 
fact, it would probably be impossible to operate a tunnel 
12 miles long in any other way at this time. This char- 
acteristic of the electric locomotive will undoubtedly be 
taken advantage of hereafter in eliminating many long 
and expensive mountain grades by tunnelling through the 
mountains. There seems to be no reason why tunnels of 
much greater length should not be used. 

(5) Electrification obviously means conservation in 
fuel. Just how great this conservation will be is a mooted 
question. Some enthusiastic electrical exponents claim it 
will save two-thirds of the fuel that is now used by the 
steam locomotive. Some steam locomotive enthusiasts, 
on the other hand, deny that anything approaching this 
saving can be effected, basing their statements on a com- 
parison with engines of the latest design and the best 
practice. Undoubtedly neither is wholly right, but it 
cannot be disputed that the consumption of fuel is at- 
tended with every refinement continuously in a modern 
power house, and that this can never be hoped for when 
this responsibility rests upon the performance of each of 
the thousands of locomotive firemen on steam locomo- 
tives. Bearing this in mind, it seems certain that, on 
the average, an electrified railway with modern steam 
power houses would not use more than one-half of the 
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fuel that would be required for the railway under steam 
operation. 

(6) Another thing electrification means which is of 
vastly more importance to the management, is the greater 
effectiveness of labor. This follows from the greater ca- 


pacity which can be secured from the railroad machine. 


(7) Last but not least among the things which are 
to be mentioned as following electrification of a railroad, 
is increased reliability of the motive power. In every case 
where electric power has supplanted steam, this has been 
inevitably attended with improvement in regularity and 
reliability of train movement. 

What are the characteristics of the electric locomotive 
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Fig. 3—Speed Tractive Effort Characteristics of D. C. Series Motor 
Locomotive 4-6-2+2-6-4 Class, Three Speed Control 


that make it so desirable; that fit it so admirably for 
railway service? 

(1) Its maximum tractive effort is from two to four 
times its normal continuous running tractive effort. This 
depends for the most part on the coefficient of adhesion 
which is used for the normal tractive effort. This may 
vary anywhere from 5 per cent to 20 per cent of the 
weight on drivers. Of course, where the normal tractive 
effort is 20 per cent of the weight on drivers, it would 
be impossible to secure more than double the normal. 


“Ordinarily a coefficient at normal tractive effort of 16% 


per cent will not be able to give more than 100 per cent 
above normal as a maximum, but, as-is usually the case, 
where the normal tractive effort requires only from 10 
per cent to 15 per cent adhesion, it is possible to develop 
as much as three times the normal. This compares very 
advantageously with the steam locomotive whose maxi- 
mum tractive effort or given horsepower rating is com- 
paratively close to the normal running. It means a great 
deal in the operation of the locomotive; it makes it com- 
paratively easy to start its normal train in the worst posi- 
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tion and also to start it’ very quickly without jerk. 
Everyone knows who rides on our steam trains that a 
heavy passenger train is usually started with a jerk. 
The reason for this is simply that the steam locomotive 
at the head of the train must jerk it if it is to start at all, 
because its maximum tractive effort is so close to that 
required for pulling the train after it is started that it 
has little margin. The locomotive may be amply large to 
pull the train at high speeds but it cannot start it with- 
out a heavy jerk. The electric locomotive, on the other 
hand, can start with a steadily inceasing tractive effort 
until the train begins to move, and the maximum tractive 
effort can be maintained until full voltage is applied to 
the motor. 

(2) The capacity of the electric locomotive is limited 
by the heating in the motors. The necessity with an 
electric locomotive is to keep the temperature of the parts 
down, which is just the reverse of that of the steam loco- 
motive. For this reason, the electric locomotive can 
easily develop considerably greater power in cold weather 
than in warm weather. Here, again, it is just the reverse 
of the steam locomotive. 

(3) Practically all of the wearing parts of the electric 
locomotive have normally a long life. Therefore, all that 
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Fig. 4—Speed Tractive Effort Characteristics D. C. Series Motor 
Locomotive 4-6-2+42-6-4 Class, Nine Speed Control 


is needed to keep the locomotive on the road is to secure 
proper lubrication, keep the bolts tight, brakes adjusted 
and to give an occasional inspection to insure that nothing 
abnormal has taken place in the equipment. This is the 
secret of the great mileage which is possible with the 
electric locomotive; it explains why the locomotive 1s 
ready for service so large a part of the time; it is the 
reason that only one-half or one-third as many electric 
locomotives are required for a given service as would 
be required for steam operation; it explains why the 
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round-houses and inspection forces can be reduced to 
such a small limit; why the intermediate division points 
are eliminated; it gives the reason for the great relia- 
bility of the electric locomotive. 

The foregoing are some of the most prominent general 
characteristics of the electric locomotive. It must be 
understood, however, that there are many other character- 
istics, depending on the specific type of locomotive that 
is under consideration, in other words, on the system 
which is adopted for the electrification. These character- 
istics are apparent chiefly in the speed and tractive effort 
curves. The three types of locomotives which are in use 
in this country today are, first, direct-current with series 
wound motors; second, single-phase locomotives with 
commutator type motors having series characteristics: 
third, constant speed locomotives fed either from a single- 
phase trolley by means of phase converters or from double 
trolleys carrying three-phase current. 


Direct-Current Locomotive 


The series wound motor is the one which is in practi- 
caily universal service the world over where direct current 
is used. Its characteristics are especially suited for rail- 
Way service, since the speed curve falls rapidly as the 
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Fig. 5—Speed Tractive Effort Characteristics of A. C. Series Motor 
Locomotive 2-6-2+2.6.2 Class, Constant Voltage 


tractive effort increases, which gives the best character- 
istic for dividing the load, especially where a considerable 
number of driving units are operating in the same train. 
It also permits the motor to handle a much heavier load 
or a normal load on much heavier grade than would be 
possible if the speed did not fall with the increase in 
tractive effort. It gives, in a way, the same effect as the 
shifting of gears on an automobile enables it to exert an 
unusual amount of effort with a relatively small engine. 


The method is not the same, but the result obtained is 
similar, 
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The solid curve on Fig. 1 shows the performance of 
the direct current series motor. Thus, it can be seen that 
this slowing down of the speed with increased effort 
relieves, to a certain extent, the whole electrical supply 
system ; the trolley, the transmission lines, and the gener- 
ating units; from the peak loads caused by starting 
heavy trains or by hauling over heavy grades. When 
lighter grades or level track is reached, the character- 
istics of the series motor cause it to speed up very 
rapidly, as shown by the shape of the curve, so that full 
advantage is taken of the falling off of the load by 
increasing the speed. While running over a varying pro- 
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Fig. 6—Speed Tractive Effort Characteristics of A. C. Series 
Motor Locomotive 2-6-2 2-6-2 Class, Voltage Control 


6000 


file, it can be seen that the speed of the motor will vary 
much the same as that obtained with a steam locomotive. 
Speeds will be considerably reduced on heavy up grades, 
but may be quite high on level track, and as high as the 
roadbed will permit on down grades. A train running 
behind time may be pushed to the limit at every opportu- 
nity, and the time made up. 
On all of the figures, in dotted lines are plotted a 
series of constant horse-power curves. That is, the speed 
and tractive effort read from any point on a given curve 
will produce a constant horse power. The direct current 
motor curves at the higher speeds resemble these constant 
horse power curves, and run very nearly parallel to them. 
On Fig. 2 is plotted a curve showing the speed-tractive- 
effort characteristics of a modern steam locomotive. This 
curve has the desirable faculty of following the shape of 
the constant horse power curves very closely. On the 
other hand, however, it does not have the same desirable 
characteristic at the heavier tractive efforts which is evi- 
dent on the electric motor curve, namely, that of rapidly 
increasing its pulling power as the load increases. The 
torque of a steam locomotive is limited definitely by the 
ability of the boiler to supply steam and the cylinders to 
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utilize the steam. This is shown by the rapid falling off 


of the curve when this point is reached. 


These curves then illustrate the advantage of the series 


motor characteristics which approach the constant horse 
power curve over a certain portion, and at the same time 
permit of exerting very high tractive efforts when 
_ mecessary. 


With the series motor, the only means of controlling 


the speed is by varying the voltage on the motor. This 


may be accomplished by inserting resistance in series with 


the motor, but this is very inefficient, and cannot be used 


for other than acceleration. The common method used 
for obtaining this speed control with d. c. motors is to 
connect the motors in different series and series-parallel 
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Fig. 7—Speed Tractive Effort Characteristics of A. C. Induction 
Motor Locomotive 2-4-4-2+2-4-4-2 Class, Two Speed Control 


combinations. Fig. 3 shows three speeds obtained by 
connecting the motors: first, all in series so as to give 
¥Y% voltage and speed; second, in series-parallel to give % 
voitage and speed; and third, in parallel to give full 
voltage and speed. This method covers the speed range 
fairly well. Fig. 4 shows the addition of six more run- 
ning speeds, making nine in all. These additional speed- 
curves are obtained by varying the effective turns on 
the motor field. With the use of these “field control” 
points, the range in speed is very effectively covered. 
This set of curves shows the characteristics obtained on 
the new 3,000-volt, direct current passenger locomotives 
built for the Chicago, Milwaukee & St. Paul Railway. 


Alternating Current Locomotives 


Fig. 5 shows the speed torque characteristics of an 
alternating current series motor locomotive. This curve 
is somewhat more steep than a direct current series motor 
curve, and more nearly approaches the constant horse 


power curve shown by the dotted lines on the same figure. 


This type of motor does not, however, have the ability 
to produce the very high starting torques which it is 
possible to obtain from the direct current motor, because 
of certain commutator limitations when drawing heavy 
currents, On the other hand, the speed control on this 
motor is very easily and efficiently obtained by varying 
the voltage applied to the motors. Power is furnished 
from different taps on the transformer, and the different 
speeds obtained as shown on Fig. 6, without in any way 
altering the grouping of the motors. These curves show 
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the speed control obtained on the latest type passenger 
locomotive built for the New York, New Haven and 
Hartford R. R. 

The other motor used for railway work is the alter- 
nating current induction motor. This motor is essen- 
tially a constant speed motor. Its characteristics are 
shown on Fig. 7 and are quite different from either of 
the other two motors discussed. Other running speeds 
can be obtained with this motor by varying the number 
of poles, and by cascade connections, but it is rarely 
practicable to obtain more than two running speeds. The 
curves shown give two speeds, one at 14 miles per hour, 
and the other at 28 miles per hour. These speeds are as 
obtained on the Norfolk & Western freight locomotives. 
Acceleration is obtained by varying the resistance in the 
secondary of the motor, but these resistance points cannot 
be used as running points. This type of motor is capable 
of producing very heavy starting torques, and of carry- 
ing very heavy loads, but on heavy loads the speed is 
maintained at practically a constant value and the power 
required increases practically with the tractive effort. 
It is necessary, therefore, to have a motor of greater 
capacity than with the series motor, in order to take 
care of the peak loads. Some care is also necessary when 
operating more than one locomotive of this type in the 
same train, or even with different motors on the same 
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Fig. 8—Speed Tractive Effort Characteristics of Steam and Elec- 
tric Locomotives 


locomotive, to balance the load between them and _ not 
overload one motor or one locomotive with more than its 
proportion of load. A slight difference in wheel diameter 
may cause considerable overloading, unless special means 
are used for balancing. 

There has been considerable discussion among railroad 
men as to the advantage and disadvantage of the con- 
stant speed characteristic. The claim is made by some 
that it is a decided advantage to be able to start a train 
from one terminal and know that, barring break-down, 
it will run at the same speed up hill and down, and arrive 
at the other terminal at a certain definite time. On the 


200 


other hand, it is claimed that the ability of the series 
motor to take advantage of every opportunity for mak- 
ing speed is a very desirable characteristic, when it is 
necessary to make up time. A series type locomotive of 
a given rating will always be able to make a better 
schedule than a constant speed locomotive of the same 
rating. 

Figure 8 gives a set of curves showing the character- 
istics of the various motors and a steam locomotive. 
These curves are plotted in percentages so as to be 
comparative. 


Regeneration 


Regeneration, or regenerative braking, is another char- 
acteristic of the electric locomotive, the advantages of 
which cannot be over-emphasized. While this feature 
makes it possible to reclaim some of the energy stored in 
a train when it reaches the top of a heavy grade and 
starts to go down, yet this saving in power does not by 
any means represent the full or most important benefit 
to be derived from it. Perhaps the most important ad- 
vantage, and the one which will appeal most forcibly to 
the railway operating man, is the ease of control and 
safety provided by this form of braking as well as the 
reduction in wear on brake-shoes and tires. 

Regenerative braking may be obtained on any of the 
three classes of locomotives previously mentioned. The 
methods of providing for this, of course, are entirely 
different. 

In the constant speed locomotive with induction motors, 
regeneration is automatic. When the locomotive, in run- 
ning down grade, reaches a speed above synchronism the 
motors act as generators excited from the line. In this 
respect the constant speed locomotive has a great advan- 
tage but the speed is fixed. 

The series type of motor, whether A. C. or D. C. 
requires excitation from some separate source, and there- 
fore involves some additional apparatus on the locomo- 
tive. 

D. C. motors may be excited from a line driven motor 
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generator set, or an axle driven generator; or, one or 
more of the main motors may be used as exciters for the 
others. Regenerative braking has been thoroughly tried 
out on the St. Paul and is very successful. It permits 
operation on the down grades at any desired speed and 
holds the train without surge or jar. The efficiency of 
regeneration is approximately the same as that of 
motoring. . 

Alternating current series motors have been used with 
regenerative braking to a limited extent and various 
schemes are proposed for excitation. . The taps on the 
transformer enable the speed to be controlled all the way 
from maximum to a stand still and in this respect it is 
superior to all others. Some of the schemes for excita- 
tion are very simple but usually have the disadvantage of 
either limited braking power or low power factor, or both. 
To get the most out of regeneration will require excita- 
tion from a phase converter or one of the main motors. 
With that the locomotive can exert a high braking effort 
and will have a good power factor. 

The electric locomotive is so flexible and capable of 
so many things that it is likely to be overloaded with all 
kinds of devices that are not at all essential to its opera- 
tion. These add very greatly to the apparent complica- 
tion but after all do not materially affect the reliability, 
The trend of the times is towards simplification—the re- 
duction of the locomotive to its lowest terms consistent 
with good operation. This is undoubtedly the way to 
get the lowest first cost and maintenance charges. 

Regenerative braking should be applied on locomotives 
which are to be operated over heavy grades, but for level 
or light grade sections the advantage will hardly be worth 
the complication. . a 

In conclusion, it may be said that the electric locomo- 
tive is so flexible that it can be designed to meet prac- 
tically any reasonable operating condition, while its 
unlimited capacity, its great mileage possibilities, its re- 
liability, its low cost for power, and low cost of main- 
tenance, all make it especially attractive to the railway 
operator. 


In the New York, Susquehanna & Western Yard at Undercliff, N. J. 


Principles of Car Lighting by Electricity 


A Course of Practical Lessons Explaining the Main Details 
of this Important Application 


By Charles W. T. Stuart 


Ss 


HERE are many different classes of cars and types 
of. car lighting equipments on the various rail- 
roads today, but practically the same methods are 

used in installing each equipment. 

The installing of a new car lighting equipment is a 
grade of work that ranks high in importance. Hign ef- 
ficiency in this work is a big factor in keeping down the 
maintenance cost during the life of the equipment, as a 
small defect in the wiring of a car may be the cause of 


Fig. 1—Trucks Removed and Car Placed on Trestles for Applica- 
tion of Axle Equipment 


big expense; for power in taking the car out of service 
and placing it on a shop track, for labor in locating and 
removing tne defect, and for loss of revenue due to the 
car being out of service. 

The electrician in the act of installing a new car light- 
ing equipment first receives a complete set of blue prints 
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Installing a New Car Lighting Equipment 


Tnis gives the electrician an excellent opportunity to run 
his conduit and do other necessary work under the car 
floor. 

To give a general idea of the methods used in the 
procedure of the work in installing a new car lighting 
equipment suppose we cover briefly the application of 
a particular type of equipment to a certain class of car. 
In most cases, the car lighting equipment is installed dur- 
ing the building of the car, but in this case, for the bene- 
fit of the maintainer, who is compelled to renew and re- 
pair certain parts of a car lighting equipment after the 
car is built, suppose we take a steel baggage car com- 
pletely built, and cover the application of a new Safety 
F-2 Axle Lighting Equipment. We might first cover a 
straight storage system and then an axle generator sys- 
tem, but since the axle generator system is practically a 
straight storage system with the addition of an axle gen- 
erator and regulators, the application of the axle generator 
equipment will cover both. 


Material 


The blue prints having been received, the next step is 
to determine what material is needed, etc. 
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Fig. 2—Diagrams of Conduit Runs Under Floor of Car. 


from the electrical engineer. These prints show the plan 
of the entire equipment. The material for the job is 
furnished by the store department and the placing of the 
car to be equipped is cared for by the transportation de- 
partment. The car erecting shop is the most suitable place 
for this particular line of work, as it is equipped with 
the netessary facilities that are not to be had in the otner 
shops. In the car erecting shop, the trucks are taken 
from under the car and the car is placed on heavy trestles. 


SECTION A-A. 
Sectional Drawings Show Arrangement of Conduit at Various Points 


The following is a list of material required for this 
installation: 


1 plug cut-out. 

steel regulator cabinet 
suspension bracket. 
generator shaft. 
tension spring bracket. 
tension rod. 

tension nut. 

tension spring. 


1 axle 
1 axle generator regulator. 1 
1 lamp regulator. 1 
1 Sangamo control panel. 1 
8 lighting fixtures (complete 1 
1 
1 
1 


generator. 


with boxes). 
2 three-way snap switches. 
1 four-way snap switch. 
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25 it. No. 8 wire. 

326 ft. No. 12 wire. 

2 battery fuse boxes (complete) 

2 junction boxes. 

2 junction box covers. 

5 conduit support. 

3 switch condulets. 

1 generator connector hox. 

90 ft. No. 0 wire. 2 Dossert connectors. 

50 ft. No. 4 wire. 2 charging receptacles (complete) 
Bolts, nuts, screws, solder, tape, 


1 tension spring guide. 
1 tension wheel. 

1 fulcrum. 

1 suspension link. 

100 ft. 34” conduit. 

20 ft. 1” conduit. 

40 ft. 124” conduit. 

40 ft. 1%” conduit. 


Placing the Car on Trestles 
The work of jacking the car, removing the trucks, and 
placing the car on trestles, Fig. 1, is performed by the 
car erecting shop force. With the car on trestles, the 
false bottom, which is made of galvanized iron, lined with 
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Located under the floor, Fig. 2, shows a battery fuse 
box at each end of the battery box, two charging recep- 
tacles—one at each side of the car—junction boxes 4 and 
B, and generator connector box C. With these installed, 
the conduit is run as follows: a 1 in. line of conduit from 
the battery box to each battery fuse box and then to the 
junction box B; a 1% in. line of conduit from each charg- 
ing receptacle to the junction box B to the junction box 
A, and two lines from the junction box A to the regu- 
lator cabinet; a 114 in. line of conduit from the generator 
connector box C to the junction box A, The various con- 
duit supports are then applied, completing the conduit 
work under the car. 

The lighting fixtures, Fig. 3, are located down the 
center line of the car. A four-way switch is placed on the 
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Fig. 3—Sectional Views of Car Showing Location of Conduit Runs, Switches, Fixtures and Cabinet 


asbestos, can easily be removed. This line of work is 
under the direction of the tin shop. 


First Step—Battery Box and Cabinet 


Mark off the location of the battery box and regu- 
{ator cabinet and have them installed. The location of 
the battery box, Fig. 2, is 8 ft. 2% in. from the cross 
beam to the center of tne battery box. The regulator 
cabinet is shown in Fig. 3, to be located in one corner 
of the car. The regulator cabinet and battery box are 
made of sheet steel and their application comes under 
the direction of the cabinet shop. 


Second Step—Conduit 


Mark off the location and then apply the various junc- 
tion boxes that form the terminal points for the conduit. 


side near one of the sliding doors, and a three-way switch 
is placed at each end of the car to the right of the door. 
After the lignting fixtures are installed they are con 
nected to the regulator cabinet by a line of 34 in. conduit, 
also shown in Fig. 3. 

Care should be exercised in running the conduit not 
to flatten it when making the bends, and also to fasten 
it rigid so that it will not rattle while the car is operating 
on the road, which in time will damage the insulation on 
the wire. Holes through the steel structure of the car 
for the passage of conduit can be burned out in a few 
minutes with the oxygen-acetylene flame. 


Third Step—Wiring 


Looking over the wiring diagrams, Figs. 4 and 5, we 
observe that No. 0 wire is run from the battery and 
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charging receptacles, through tne 1% in. conduit to the 
regulator cabinet, and that two No. 4 generator wires and 
one No. 8 field wire are run from the generator connector 
box through the 1% in. conduit to the regulator cabinet. 
The three No. 0 main battery wires are cut the proper 
length, then connected to a steel fish or pull wire and 
pulled from the junction box B, Fig. 2, to box A, and 
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enough to reach from the three-way switch D, Fig. 3, to 
the four-way switch FE, two, long enough to reach from 
the three-way switch F to the four-way switch E, and 
two wires, one long enough to reach from the regulator 
cabinet to the three-way switch D, and the other long 
enough to reach from the regulator cabinet to the fixture 
G. The six wires when cut are coiled in respective pairs 
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Fig. 4—Circuit Arrangement of the Generator and Lamp Regulating Panels 


then to the regulator cabinet. The three ends hanging at 
vox B are connected to the battery and charging recepta- 
cle terminals. The two No. 4 generator wires and the 
No. 8 field wire after being cut the proper length, are 
connected to a fish wire and pulled from the generator 
connector box C to the junction box A, and then to the 
regulator cabinet. The wiring diagram, Fig. 5, shows 
the size of the lighting circuit wires to be No. 12, and 


150 Amp. Fuse 
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++ 
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hat although all the lamps are connected to one circuit, 
our wires are used. The current to the circuit is fed 
Tom the branch block by two wires, but a third wire is 
equired in connecting the switches for three and four- 
vay control and a fourth wire is used to control the main 
amp regulator coil circuit. In wiring the lighting circuit, 
he No. 12 wire is cut into six lengths, two of these long 
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and pulled into the conduit starting at condulet H. Four 
wires are pulled through the conduit from the condulet 
A to fixture K and from condulet H to fixture G. The 
four ends of these wires left hanging at condulet H are 
pulled to the four-way switch E and the four ends hang- 
ing at fixture G are pulled, two to the regulator cabinet 
and two to the three-way switch D. In pulling these last 
four wires, a fifth wire should be pulled from the regu- 
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Fig. 5—Wiring Dirgram of Car Showing Schematic Wiring of Regulator Panels 


lator cabinet to the outlet box located at the three-way 
switch D, making three wires in all running to the 
three-way switch D. 

In pulling the wires through the conduit from one pull 
box to another, the use of powdered soapstone will be 
found helpful in preventing the wires from sticking ta 
the conduit. 
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Fourth Step—Panels 
Tae installing of the control panel, generator regulator 
panel, lamp regulator panel, and plug cut-out in the regu- 
lator cabinet is next in order. First measure the distance 
between the studs and compare this with the distance be- 
tween the holes in the slate panel before attempting to 
hang them, because if these studs are not correctly spaced, 
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bracket, Fig. 6, is a triangular shaped steel casting and is 
riveted to the backbone or center sill. Fig. 6 shows the 
location of this bracket to be 6 ft. from the center of the 
axle to the center of the bracket. The truck is out from 
under the car when this casting is applied and it is there- 
fore impossible to measure directly from the center of the 
axle to locaté the bracket. This measurement is made by 
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Fig. 6—Illustrating the Manner of Supporting a Generator From the 
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the panel corners are very easily broken in forcing the 
panels over the studs. Lead washers should be placed 
over the hanger studs and in back of the slate panels to 
form a cushion, and lock washers should be used in bolt- 
ing the panels in place to prevent tne nuts from work- 
ing loose from vibration when the car is on the road. 
In applying the plug cut-out a piece of sheet rubber or 
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dividing the wheel base of the truck, which is, in this case, 
8 ft. by 2, which will give you 4 ft. as the distance from 
the truck center to the center of axle, and adding 6 ft, 
will give a distance of 10 ft. from the truck center to 
the center of the suspension bracket. The truck center 
casting is fixed to the center sill and it is an easy matter 
to measure 10 ft. from the center casting and mark off 
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Fig. 7—Method of Lining Up Suspension Bracket With Side of Car and Bottom of Center Sill 


other insulating material should be placed back of the 
cut-out between the porcelain base and the sheet steel 
locker. This rubber acts as a cushion as well as an in- 
sulator. 


Fifth Step—Under Car Work 


The generator suspension bracket, belt tension device 
and axle pulley are next to be applied. The suspension 


the center line of the bracket. The bracket is bolted to 
the center sill, lined up and then riveted to the sill. The 
lining up is accomplished by means of a long bar the 
exact diameter of the generator shaft, three straight edges 
and a large steel square. The bar is placed in the sus- 
pension bracket, and squared with the straight edges 
which are held against the side of the car as shown in 
Fig. 7. In this manner the bracket is lined up square 
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with the bottom of the center sill and the sides of the 
car. It is very important that the bracket be in perfect 
line because if it is not, tne generator will hang crooked 
and the belt, when applied, will ride off the pulleys. The 
spring bracket is bolted, lined up and riveted to the center 
sill, as shown in Fig. 6, and then the spring tension device 
is assembled. This device consists of a spring, spring 
guide, tension rod, tension nut, wheel, fulcrum, suspension 

_ link and the various connecting pins. Placing the spring 

_ into the bracket is a difficult job and a special device is 
necessary for this work, This device consists of a forged 
steel box with a screw for compressing the spring and a 
movable plate for pushing the spring out of the box into 
the bracket. The box, however, is jacked up against 
the bracket when the spring is being moved into the 
bracket, making it a very safe operation. After the ten- 
sion device is assembled the generator is suspended from 
the suspension bracket and connected through the suspen- 
sion link to the spring tension device, as shown in Fig. 6. 
The axle pulley and bushing are made of pressed steel 
and in two halves, four bolts to hold the bushing in place 
on the axle and likewise four bolts hold the pulley in 
place on the bushing. The axle pulley and generator 
pulley should be in line and since the generator pulley 
is in the center of the center sill, the axle pulley should 
be located at the center of the axle in order that the belt 
may run true. 

The battery is then placed in the battery box and the 
equipment is assembled ready for the wire connectors. 
In connecting the wires a magneto and volt-meter are 
used in selecting the wires at various outlets. All splices 
should be well soldered and taped. When the wiring is 
completed, the fuses should be applied and a final test 
made as follows: 

Motor the generator from the battery in each direction. 
Test the polarity of the charging receptacles with a volt- 
meter.’ Test the entire system for grounds with a volt- 
meter. Test the operation of the lamp regulator by 
placing the battery on charge and turning on and off the 
light circuits. Test the operation of the three and four- 
way switches individually. The regulators are adjusted 
before leaving the factory and no further adjustment is 
necessary. The false bottom is then replaced, the trucks 
placed under the car and finally the belt applied. The car 
is then ready for service. 
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An Electric Cutoff Indicator for Steam 
Locomotives 


ECAUSE of the well known fact that there is more 
or less “creep” in any piston type reverse gear, it 

has been practically impossible to determine exactly 
the position of the gear by observing the position of 
the reverse lever on the quadrant. Tests recently 
conducted by the C.C.C. & St. L. Ry. on a new mov- 
ing cylinder type reverse gear, with which an auto- 
matic cutoff control was used, required some method 
of knowing instantly and absolutely the exact posi- 
tion of the gear, because when the automatic feature 
Was in use, the reverse lever was inoperative. Fur- 
thermore, it was necessary that every change in the 
position of the reverse gear should be instantly known 
_ in the dynamometer car so that the record of the 
_ change might be added to the dynamometer record. 
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In order to-accomplish this result the writer devised 
the following scheme. 

As shown in Fig. 1, a fibre strip having a contact 
button for each position or notch of the reverse lever 
quadrant was mounted on the top guide of the gear 
in such a position that the right hand or first button 
corresponded to the “corner” position and the left 
hand or twelfth button corresponded to the position 
of minimum operating cutoff or the twelfth notch on 
the reverse lever quadrant. The distance then be- 
tween the centers of the first and twelfth contact but- 
tons was equal to the travel of the gear in the forward 
motion. Each of the ten intervening buttons was lo- 
cated so as to correspond to the ten intervening 
notches on the reverse lever quadrant. In the case of 
the gear shown, a contact finger was mounted on a 
bracket fastened to the moving cylinder. When the 
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Fig. 1.—Wiring and Contact Arrangement at Contact Board on 
Moving Cylinder Type Reverse Gear 


gear being tested was of the moving piston type the 
contact finger was mounted on a bracket fastened to 
the piston crosshead. As the forward motion was the 
only portion of the travel which the tests concerned, 
an insulating strip flush with the tops of the contact 
buttons was mounted so that the contact finger could 
travel over the entire motion of the gear without 
danger of sticking. It was found necessary to slot 
the fibre contact board at each point of support in 
order that an adjustment might be made to compen- 
sate for the expansion of the boiler. Then when the 
engine was “hot” the apparatus was set so that the 
first or “corner” button was exactly under the con- 
tact finger when the reverse gear was in the corner 
position for forward motion. It is interesting to note 
here that the error due to expansion was found to be 
approximately one notch if the fibre board was 
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mounted rigidly when the engine was cold and not ad- 
justed after the engine was hot. 

The indicating device used in the dynamometer car 
and shown in Fig. 2, consists primarily of a light for 
each position of the gear when in the forward motion. 
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Fig. 2.—Cutoff Indicator Lamp Board 


For this purpose porcelain wall receptacles were 
mounted on a maple board of suitable dimensions, and 
the board was arranged so that it might either be se- 
cured to the wall with screws or suspended from screw 
eyes at two points. The lights used were the rail- 
way company’s standard 15 watt, 32 volt cab lights 
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Fig. 3.—Section Through Fibre Contact Board Showing the Ar- 
rangement of the Contact Finger and Contact Buttons, 


and current was supplied from the headlight turbo- 
generator, as shown in Fig. 1. The number under 
each light indicates the number of the contact button 
with which it is in series and therefore the position of 
the gear when that particular circuit is closed by the 
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contact finger. The figures are of sufficient size that 
they may be easily seen from any point in the dy- 
namometer car. The wiring arrangement for this de- 
vice needs no further explanation than to say that the 
bundle of wires extending from the reverse gear to 
the indicator was composed of 13-No. 16 fixture wires 
laced together and suspended from hooks on the loco- 
motive and tender tank, each end of each wire being 
fitted with a No. 6 copper terminal stamped with the 
contact number corresponding to the reverse gear 
position which its lamp indicated. 

The arrangement of the contact finger and its sup- 
porting bracket is shown in Fig. 3. The diameters of 
the contact finger and contact buttons were made such 
that when the finger was at the half way point be- 
tween two buttons both buttons would be slightly 
overlapped by the finger and two lights on the indi- 
cator board would light. This result was obtained 
by brazing a circular copper shoe on the end of a con- 
troller contact finger of standard design. With this 
arrangement it was found that every movement of 
the gear could be easily followed on the lights. 

When the engine had been calibrated so that the 
per cent cutoff was known for each position of the 
gear it was possible to make an accurate study of the 
Likewise it became possible for 
the observers in the dynamometer car to direct the 
“notching up” when the automatic feature was not 
being used and to detect creep when the test was be- 
ing made on a locomotive equipped with a piston type 
reverse gear. Consequently, although the electric 
cutoff indicator has practically no value except for 
test purposes, it may be found to be of great value 
when put to that use. 


The Annual Report of the relief department, of the 
Chicago, Burlington & Quincy shows that during the 
year 1920 the department paid $627,148 in sick and death 
benefits. Employees contributed $678,817, income from 
investments was $20,625 and interest on cash advanced 
by the railroad was $7,013. There was an excess of 


receipts over disbursements of $65,279, 
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The River House and a Breken Corner of the Storage House 


Effects of Dust Explosion on C. & N. W. Grain Elevator 


Switch-Board Apparatus Partly Destroyed. Many Motor Frames Broken, 
But Cable Runs Are Fairly Intact 


N extensive salvaging program is being carried on 
by the electrical department of the Chicago & 


North Western in recovering the electrical equip-' 


ment of the Calumet grain elevator which was destroyed 
by a dust explosion on March 19. The structure was 
leased and operated by the Armour Grain Company, and 
was one of the largest plants of its kind in the world. 


One of the Motors Used for Unloading Grain From the Cars 


It represented an investment of about $10,000,000, was 
composed of a storage house, a work house and a river 
house, each consisting essentially of concrete bins of the 
usual construction with a storage capacity of 6,000,000 
bushels surmounted by superstructures or galleries and 
cupolas, which in the case of the work house and the river 
house extended to a height of approximately 200 ft. above 
the track level. The work house which consisted of 95 bins 
was flanked on the west by a track shed accommodating 
cars on five tracks and surmounted in part by a dryer, 
a large rectangular structure, having a structural steel 
frame covered by walls of re-enforced stucco or “gunite.” 


The walls of the cupolas and galleries above the bins 
were composed of the same material, while the roofs con- 
sisted of thin concrete slabs covered with a suitable 
roofing. 

All evidence indicates that the dust explosion consisted 
of the progressive ignition of an explosive mixture of 
dust and air, filling practically all of the enclosed spacings 
in the structure which were not occupied by the grain. 
The greatest intensity of the explosion was apparently 
in the two cupolas over the work house and river house, 
respectively, and in the gallery over the storage bins, the 
effects being to burst off all of the gunite walls and con- 
crete roofing from the steel frames, which were left in 
a more or less distorted and otherwise damaged condi- 
tion. The fragments of wall and roofing constructions 
were blown to great distances from the elevator, and this 
material, falling from a great height on the roofs of the 
power plant, office buildings, and other auxiliary struc- 
tures, crushed in their roofs and otherwise seriously 
damaged them. 

The dryer structure was torn from its support against 
the side of the work house bins and fell on the track 
shed, which was completely wrecked, crushing twenty 
cars which were in the shed at the time, or causing them 
to be thrown into the pit or track hopper below the 
tracks. 


Damage to Electrical Apparatus 


All of the machinery in the elevator was operated by 
individual drive motors operating on 550 volts, 3 phase, 
60 cycle alternating current. The machines used for un- 
loading the grain from the cars were operated by 7% 
hp. motors, all of which were carried down in the wreck- 
age of the track shed. Two of these motors were ruined 
by fire and the frames of several others were broken. 
The motors have been dismantled and the frames are be- 
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ing readily repaired by the electric arc welding process. 

The 50 hp. fan motor, shown in one of the illustrations, 
was thrown with its concrete base and the fan which 
it operated about 75 ft. clear of the building. The motor 
was not injured except that the shaft was bent between 
the motor and the fan. Some of the conveyor motors 


have small pieces broken out of the frames but are other- 
wise in good condition. 


Practically all of the larger mo- 


A Large Fan Motor Together With Its Concrete Foundation Was 
Thrown Out 75 Feet Clear of the Building. The Motor Was Not 
Injured Except that the Shaft Was Bent Between the Fan and 
the Motor. 


tors used for elevating the grain were unharmed by tne 
explosion. One of the compensators will require a new 
oil container and several new contacts. 

The signaling system, consisting of an arrangement of 
colored lights electrically controlled, went down in the 
wreckage. The junction boxes, switches and three unit 
light signals will have to be replaced. The main feeder 
cables running in conduits from the power house to the 


Some of the Apparatus on the Power House Switchboard Was 
Damaged Beyond Repair 


head house are practically unharmed. Many of the 
lighting circuits and minor power feeders will be re- 
placed completely. 


The Power House 


The roof of the power house, including the girder sup- 
ports, was torn down by the weight of falling concrete. 
The traveling crane happened to be in a position to pro- 
tect one of the generators. 

The bench type switchboard had one corner panel 
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broken off and about half of the meters smashed. One 
of the field rheostats with the attacned switching gear 
was demolished beyond repair. The lead type storage 
battery housed in a separate room on the balcony was 
not harmed, and as it was fully charged at the time of the 
accident, was employed to good advantage for emergency 
lighting service. The telephone switchboard was ruined 
beyond repair. 

The generating equipment consists of two 2,300kva., 
3 phase, 600 volt, 60 cycle turbo-generators and one 
kva. 3 phase, 600 volt, 60 cycle turbo-generator. The 
end bell of one of the large generators was smashed. The 
dash pot governor equipment was damaged on the small 
generator. The field exciting equipment, located under 


the balcony, was unharmed. 

The first work of reconstruction in the power house 
was to get large generator No. 2 in shape for operation. 
The switchboard panel for No. 1 and the field rheostat 
for No. 3 being connected up for this generator. 


The 


One Corner of the Bench Type Switchboard Was Broken 


boilers were not harmed, but a small piece was broken 
out of the top of the brick smoke stack. 

Two large blowers, operated by 500 hp. motors, have 
been set up and this equipment is being used to load all 
of the grain in the elevators into cars. It will be neces- 
sary to dispose of all of the grain before the bulk of the 
reconstruction work can be done. 


Photo by Ewing Galloway, N. Y. 


Piers and Freight Yards at Cleveland, Ohio; with Union Station 


Train Shed in Foreground 
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Headlight Wiring on the Canadian 
National 


HE Canadian National Railways standard locomotive 

wiring plans, which are shown in the illustrations, are 

designed to afford permanence and reliability in this con- 
nection. 

The insulated wires to the headlight run from the ter- 
minal box through the handrail to the headlight, classi- 
fication lights, number light, and snow plough connection. 
Where headlight is equipped with pilot light socket, as 
shown in Fig. 1, it should be wired in multiple with snow 
plough circuit. 

Wires to the tail light, tender marker lights and water 
funnel light, run in conduit from the terminal box back 
through the switches in cab, thence through a loose steel 
flexible conduit used between locomotive and tender (this 
being fitted with a 3-point plug which connects, into a 
receptacle, allowing the locomotive and tender to be dis- 
connected without the necessity of severing the wires), 
and thence through the handrail on the tender. Condulets 
are fitted at the required places, to permit the various 
lights on the tender to be applied. The lights in the cab 
are capable of being detached at any time, without in- 
terfering with the permanent conduit work. Benjamin 
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of the state of Sao Paulo. The freight locomotives each 
weigh 116 tons and have six driving axles, each equipped 
with one 280 hp. direct-current motor, arranged for op- 


Freight Locomotive for the Paulista Railway 


eration with two motors in series on the 3,000-volt line. 
They are designed to handle trailing loads up to 770 tons 
over a line having a maximum grade of about 2 per cent. 


Fig. 1—Sketch 
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Fig. 2—Wiring Diagram for Locomotive Headlights and Cab Wiring 


903G plugs are used for this purpose, with steel flexible 
conduit and asbestos covered cord. 

In practically all of the locomotive headlights, 250 watt 
nitrogen bulbs are used, in place of the are light which 
Was formerly standard with locomotive electric lighting 
equipment. 


Electric Locomotives for South America 


HE first Baldwin-Westinghouse freight locomotive for 
the Paulista Railway Company, Brazil, S. A., has been 
completed and tested. The passenger locomotives are 
hearing completion. Announcement of the proposed elec- 
trification of the Paulista Railway was made in the May, 
1920, issue of the Railway Electrical Engineer. 
The locomotives are to be used in freight service on the 
Principal broad gage trunk lines of the railroad which 
Tuns through the most prosperous and productive part 


The locomotives are equipped with M. C. B. couplers for 
testing purposes, but will later be equipped with con- 
tinental draft gear and arranged for vacuum train brakes. 


Twelve hundred and fifty calls in 24 hours is the 
record recently made on one train dispatcher’s telephone 
circuit, as reported by W. P. Cline, superintendent of 
telegraph of the Atlantic Coast Line. This is equal to 
over fifty calls an hour, and illustrates in a striking way 
one of the advantages of the telephone for sending train 
orders. The statement was made ina brief address before 
the last meeting of the Southern & Southwestern Railway 
Club, at Atlanta, on the use of the telephone in train 
dispatching. Mr. Cline is satisfied that by the operations, 
marked benefits not only result to the general conduct of 
train movement on his division, but he also does his work 
with less nervous strain and less fatigue, which, of 
course, makes for increased efficiency. 


Removing and Applying the Spring of a Belt 
Tension Device 


The belt tension device shown in Fig. 1 is equipped 
with a very heavy spring which must be compressed be- 


Fig. 1—Showing Arrangement of Spring and Bracket 


fore it can be either removed or replaced in the bracket. 
This spring is made of 34-in. material and has a solid load 
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Figs. 2 and 3—Showing Devices Used for Removing and Replacing 
the Spring 


of approximately 5,000 lb. It is often necessary in mak- 
ing repairs to this tension device to remove the spring 
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and later apply it again to the bracket. Without the aid 
of some device for the purpose of compressing this large 
steel spring it would be a very difficult matter either to 
remove or reapply it. 

A device for removing such a spring is shown in Fig. 
2. It consists of two steel plates, two steel rods, and a 
small iron block. In applying the device the tension wheel 
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Fig. 4, 5 and 6—Showing the Various Steps Taken In Putting the 
Spring Back in the Bracket 


shown in the photograph is removed and the device 1s 
clamped over the bracket as indicated in the upper part of 
Fig. 2. In compressing the clamp the small iron block 
presses the end of the spring clear of the spring seat. 
As it would be a dangerous matter for anyone to be close 
to the spring when the tension was released on account of 
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the great amount of energy stored in it, a small chain is 
placed loosely around the bracket to keep the spring from 
flying, and after a bar has been inserted between the 
bracket and the spring, the latter may be pried out with 
safety. - 

In applying the spring to the bracket again another de- 
vice quite different from the one used in removing it is 
most essential as it would be impossible to compress the 
spring to the required amount by any ordinary means. 
The device for applying the spring is shown in Fig. 3. 
It consists of a steel box, compressor screw, steel plate, 
and two eye bolts. It will be noticed from the diagram 
of Fig. 3 that the plate at the end of the compressor 
screw is so constructed as to slide along in slots cut in 
either side of the steel box. This makes it impossible for 
the plate at the end of the compressor screw to move in 
any other than a lengthwise direction regardless of what- 
ever tendency the compressed spring might have upon it. 

In replacing the spring in the bracket, the spring in its 
fully extended condition is placed in the box and its com- 
pression is begun by turning the screw “A.” Fig. 4 
illustrates this stage of the replacement and shows the 
spring partly compressed. Fig. 5 shows the spring fully 
compressed, ready to be replaced in the bracket. 

The final step consists of placing the box against the 
spring bracket and holding it firmly in place with two 
jacks as shown in Fig. 6. Then by turning the eye bolts 
“B”, the bottom plate “C” pushes the spring and spring 
guide into the bracket. This method has been found to 
have a number of advantages over other methods, par- 
ticularly that it is safe and consumes less time. 


Using a Magneto in a Noisy Shop 
By E. R. CHINBERG 
The electrician on a steam railroad very often finds 
it necessary to test for grounds on electrical equipment 


in places which are habitually noisy. This is especially 
true in the case of the electrician maintaining electric 


FIGs A: 


Construction Details for Making a Magneto Suitable for Visual, 
as Well as for Audible Testing 


| headlights, as it is necessary for him to make this test in 


the roundhouse. On account of the dirt and grease 
around a railroad, a magneto totally enclosed is usually 
selected as a standard, and this makes it necessary to de- 
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pend on the hearing alone when “ringing for grounds.” 
Due to the noise, it is sometimes very difficult for the elec- 
trician to determine whether he has a ground or not, espe- 
cially if it is a slight one. 

To enable the electrician to use his sight as well as 
hearing when “ringing for grounds,” the following 
stunt has been found to be of great benefit, as it enables 
the electrician to see the clapper when making the test. 
If the place in which he is working is noisy, he can see 
the clapper striking the bells and know positively that 
he has a ground without wasting time trying to hear the 
sound of the bells. 

To prepare a magneto for use in this manner, first get 
a lens from a safety goggle. These are very hard to 
break, and consequently well suited for this purpose. 
Next, remove the cover from the magneto, and on the 
inside of the cover at a point which comes directly over 
the clapper and bells, start a hole with an extension bit 
the size of the lens. This hole should not go through 
the cover—in most cases a cut the depth of the lip on 
the bit will be sufficient. Then reduce the size of the 
bit one-half inch in diameter and bore the hole through 
the cover. With a knife remove the wood to the depth 
of the cut made by the lip of the bit when starting the 
larger hole. This will form a sharp shoulder. Now 
place the lens in position and with the knife, cut a little 
groove in the wall of the hole just above the lens. A 
short piece of spring brass wire put in the groove will 
lock the lens in place and yet permit quick replacement in 
case of breakage. Before the lens and wire lock are 
permanently applied, the lens should be seated in thick 
shellac, which will make the cover dustproof and also 
serve to support the lens. 

Referring to the sketch, Fig. A shows how the bells 
and clapper appear when the lens is properly placed, and 
Fig. B illustrates a cross section of the cover, showing 
the shoulder in the cover, lens and wire lock. 


Use Grease for Cleaning Reflectors 


From various sources the suggestion has come re- 
cently that the best way to clean reflectors and the 
front glass of floodlights or headlights used for light- 
ing enginehouses is to use hard or Albany grease. The 
grease is simply smeared over the surface to be 
cleaned and wiped off with a cloth. The result is a 
surprisingly clean surface and a surface which will 
remain so longer than one cleaned by almost any 
other method. The grease also serves to protect the 
metal of the fixture from corrosion. 

Upon the face of it, this seems like a peculiar sug- 
gestion, but with a little consideration it is not diffi- 
cult to understand. About the best thing to remove 
tar from the hands is butter, or some similar form of 
grease. This cuts the tar which then can be washed 
off with soap and water. The coating which forms 
on surfaces in the enginehouse is largely a coal tar 
The 
reason that the grease-cleaned surfaces remain clean 
so long as they do is probably due to this same aver- 
sion which the grease has to coal tar. 


Educational processions that side-step prejudices met 
on the road to Knowledge, never reach the desired goal. 
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The degree of friendship of one man for another is 
determined by the number and strength of their pre- 
judices. 
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Answers to Last Month’s Questions 


1. How would a U. S. L. 100-ampere generator, Wee) 
type panel work with battery connected up wrong, that 
is, positive lead to negative side of battery, and negatwwe 
to positive side of battery? 

2 Would your generator reverse itself and other 
parts of your equipment, that is, would the positive turn 
negative and the negative turn positive? 

3. Would your meter read reversed? 


J Ase ss: 


In answer to J. A. R.’s questions regarding reversed 
battery leads on 100 ampere generator I would say, 

1. That the main generator fuse would blow because 
generator current would add to the battery current. 
2. No parts of the equipment would be reversed ex- 


cept battery leads. 
3. Meter would read reversed due to reversed leads. 


2 ok K 


1—If the battery were in a fully charged condition, 
the generator would build up with correct polarity. 
When the voltage reached 32.5 the automatic switch 
would close, connecting the positive side of the generator 
to the negative side of the battery. The instant the 
automatic switch closed there would be an excessive rush 
of current through the main battery circuits in the direc- 
tion indicated by the arrows in the diagram. The cur- 
rent rushing through the series regulating solenoid 
would raise the generator regulating arm to its extreme 
upward limit of travel and then the generator fuse 


Diagram Showing How An Excessive Rush of Current Would Occur 
Due to Generator and Battery Being in Series 


would blow. The battery will then furnish the current 
to the lamps. 

2—If the battery were in a discharged condition the 
generator would build up with correct polarity as before, 
the automatic switch would close at 32.5 volts and the 
battery would be charged in a reverse direction. This 
charging in a reverse direction would change the nega- 
tive plates of the battery to positives and the positive 
plates to negatives. The battery would not have its 
original capacity or efficiency in this direction, but after 
a few cycles it will deliver over 50 per cent of its original 
capacity. The generator and other parts of the equip- 
ment would not reverse. 
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3.—In case the battery was fully charged, the current 
from the battery to the lamps would operate the meter 
in a charge, instead of a discharge, direction. The 
heavy rush of current when the automatic switch closed 
would operate the meter in the charge direction also, 
After the generator fuse has blown, the current from 
the battery to the lamps would still operate the meter in 
the charge direction. 

In case the battery was exhausted, the current from 
the generator to the battery would operate the meter ina 
charge direction, and after the battery was charged and 
the car standing the current from the battery to the lamps 
would operate the meter in a discharge direction. In 
other words, in this case, the meter would operate in the 
same direction as if the battery leads were connected 
correctly. Coe 

While reading the Railway Electrical Engineer of 
April it was a pleasure to find therein a question per- 
taining to car lighting, and I hope in the future to see 
more questions on this same subject. 

In answering J. A. R., would say that I am not fa- 
miliar with the type 153 panel, but have reason to be- 
lieve that all U. S. L. equipment operates on the same 
principle. The following is a brief outline of what I 
believe would happen: 

By connecting the positive side of the line with the 
negative side of the battery and vice versa, it would 
reverse the direction of current throughout the entire 
System: 

The lamp regulator, which is generally connected on 
the negative side, would then be on the positive side. 

The generator would work O. K., and charge the bat- 
tery in the proper direction. 

The ampere-hour meter would register in the reverse 
direction, that is, with the battery on charge it would 
show discharge, and with the battery on discharge it 
would show charge—W. McG. 

I believe the following are the correct answers to your 
April problems. A U. S. L. generator being Shim 
wound will reverse, if the field gets current from the 
battery; the positive will turn negative and the negative 
will turn positive, and so will charge the battery O. K. 
The meter, however, will read reverse. In answering 
the questions by number, they would appear as follows: 

1. Generator will work O. K. 

2. Generator will reverse itself. 

3. Meter will read reverse. A. Hae 


* OK 
Questions For May 


1. Why is it that manufacturers of lead storage bat- 
teries insist upon the use of distilled water in flushing 
the cells? 

2. Two sets of batteries on the same train were 
flushed on the same date, but at the end of a month one 
set is down to the top of the plates, while the other set 
is still good for two weeks. The lamp load 1s the same 
for both batteries, which set would be considered in nor- 
mal condition? 

3. If no fuses are blown and the belt 1s O.K. on an 
axle generator equipment that is not working what 1s 
the first test to be made to locate the trouble? A.R.E. 


Send your answers to the Editor. 


Constant Current, Single-Arc Welding Machine 


A single-arc welding machine has been developed 
by the Arc Welding Machine Company, New York, 
which operates on the same principle as the multiple- 
are unit manufactured by this company. The charac- 
teristics of two types of machines are practically iden- 
tical. The welding current is maintained constant at 
any particular setting, but the arc voltage is limited. 
The electrode holder is nominally dead, except when 
the trigger on the handle is pressed by the welder. 
This gives the welder a greater control of the arc, 
eliminating the possibility of accidental flashes and 
also making it possible for the welder to place his elec- 


Welding Outfit Installed in a Repair Shop 


trode at the point where he desires to start his weld 
before puuting his mask over his eyes. 

The outfit consists of a motor generator set with 
an arc control panel. The generator set furnishes a 
constant current in the welding circuit at any value 
from 25 to 200 amperes. The generator’ field excita- 
tion is furnished by a regulator of special design. 
The regulator is differentially wound with the sep- 
arate excitation opposing the series excitation, which 
Carries the welding line current. The welding line 


current or are current is automatically maintained 
constant by this regulator and may be adjusted over 
the entire range of the machine. The arc control 
panel furnishes means for adjusting the arc, per- 
mitting any desired value of welding current, within 
range of the machine to be obtained, by adjusting the 
field rheostat of the regulator, which is mounted on 
this panel. A smaller rheostat is also provided which 
controls the are voltage limit, thereby permitting a 
variation of the are voltage limit to meet the par- 
ticular requirements of the work. Knife switches 
provide means for obtaining maximum stability of 
arc and at the same time permit a minimum expendi- 
ture of power. 

Equipment is supplied for any standard alternating 
or direct current voltages. It is primarily intended 
for stationary installations, but can also be furnished 
mounted on a truck for portable use. The weight 
of the entire outfit ready for use is approximately 


2,000 Ib. 


Pressure-Operated Switch of Compact Design 


; 


A small pressure regulator of the diaphragm type has 
recently been developed by the Cutler-Hammer Manu- 
facting Company, Milwaukee, Wis. It is designed for 
use with motor-driven pumps and compressors operating 
on closed pressure systems. The switch automatically 
starts and stops the pump or compressor at such times 
as the pressure falls or rises to a predetermined mini- 
mum or maximum pressure, thus maintaining the pres- 
sure between two fixed limits. It is commonly used with 
motors controlled by a main line magnet switch or some 
other suitable automatic starting device. It has two 
poles, which also makes it possible for use with small 
A. C. and D. C. motors connected directly to the line. 
The overall dimensions of the device are 6 in. x 6% in. x 
8 in. 

The air, water, or other fluid under pressure is con- 
ducted into a chamber in the base of the regulator, and 
the pressure acts against a rubber diaphragm and com- 
presses a spiral spring, the normal compression of which 
can be changed by means of an adjusting nut to obtain 
various values of opening pressures up to 60 Ibs. per 
sq. in. When the switch is closed and the pump or com- 
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pressor operating, the pressure builds up, and when the 
adjusting spring has been compressed to a certain point, 
the switch snaps open and stops the motor. When the 
pressure has fallen to a predetermined point, the switch 
closes with a quick action, and the pump or compressor 
again operates to build up the pressure system. 

This quick make-and-break action of the switch is ac- 
complished by an arm carrying a roller which is held 
in tension against a cam mounted on the operating shaft 
of the switch. The movement of the adjusting spring 
is transmitted to the roller which moves along the surface 
of the cam. When the opening or closing pressure is 
reached, the roller passes a peak on the cam, and gives 


Bulletin 10004 Pressure Operated Switch With and Without Cover 


the latter a quick turn, thereby opening or closing the 
switch. A good contact pressure is maintained up to 
the instant the switch is opened. The difference between 
opening and closing pressures is about 20 lbs. 

_ The entire mechanism of the regulator is enclosed 
in a cast iron case arranged for the entrance of conduit. 


Terminals and fingers are exposed by taking off the 


cover of the case, which necessitates only the removal of 
three screws. 
60 Ibs. maximum service; and-it is expected that they 
will shortly be provided for use on systems up to 200 
lbs. pressure with few slight modifications in design. 


An AlJ-Lead Battery Connector 
A battery connector made entirely of lead, without 
any screw or bolt ‘made of brass or some hard metal, 
has been developed by Frasier & Marsh, Devon, Conn. 


Photograph Showing Method of Joining Connector 


The two parts of the connector are shown at the left 
of the illustration. The ring or loop is slipped down 
over the battery post and burned on. The edges of 
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the metal on either side of the rectangular hole are 
beveled from top to bottom and from bottom to top 
respectively, with a five-degree pitch. 

To make the connection, the T-shaped part on the 
end of the wire is pushed through the rectangular hole 
and given about a quarter turn. This causes the un- 
der side of the T to slide up on the beveled edges and 
pull the connector into the hole until it draws tight. 
To avoid twisting of the cable, the part of the con- 
nector which is burned on to the battery post is fur- 
nished with both right and left-hand bevels. The ad- 
vantages claimed for the connector are that it will not 
corrode, there are no parts to become lost, that it can 
be connected or disconnected quickly and as a soft 
metal is used, it freezes together and will not vibrate 
loose. Ifa part becomes burned by accidental arcing, 
a slight tap or application of a jack-knife puts the 
part in service again. The connectors are made in a 
variety of sizes. 


Flexible Fixture Joints 


A new type of condulet known as the UNJ condulet 
fixture joint has been developed by the Crouse-Hinds 
Company, Syracuse, N. Y. The device is designed for 
supporting suspended type fixtures and can be used in 
conjunction with condulets, in which the joint shown 
in the illustrations supports the fixture and the con- 
dulet provides a separate wiring chamber for the con- 
nection. The universal joint assures that the fixture, 


Details of Construction and Application of Flexible Fixture Joint 


even though mounted on an inclined surface, will hang 
plumb. This is of particular importance where there 
are a number of fixtures hung in a row and it is de- 
sired that all hang vertically. 

Breakage of the supporting conduits or condulets is 
minimized by the flexibility afforded by this joint. 
Strains caused by the wind or a bump from a step 
ladder are not as liable to cause damage as with a rigid 
fitting, and the support is not so apt to be damaged 
when the fixture is being cleaned as is sometimes the 
case where the fixture is immovable. 

The construction is such that the wires pass through 
the joint, and consequently no wires are exposed. The 
fixture joint will allow the fixture to swing through 
an angle of 20 deg. in any direction from the perpen- 
dicular. 
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The Chicago Fuse Company announces the removal 
of its New York office to new and larger quarters located 
in the Tilden Building, 105 West 40th street. 


The Stone Franklin Company removed its general 
offices on April 20 from 30 Church street to the National 
City building, 17 East Forty-second street, New York 
City. 


Rickard & Sloan, New York, specialists in industrial 
and technical advertising, announce a change in corporate 
name. In the future the firm will be known as Rickard 


Be Co., Inc. 


A wireless station is to be constructed at a point 
near Pisa, Italy, for the purpose of establishing regular 
communication with the United States. Work will be 
begun early in 1922. 


The National Electric Light Association will hold 
its forty-fourth convention in the new Drake Hotel, over- 
looking Lake Michigan, in Chicago, May cuetoejunes, 
inclusive. The convention will open Tuesday morning, 
May 31, at 10 o’clock and will close the following Fri- 
day evening. 


The United States Civil Service Commission has an- 
nounced an open competitive examination for shop 
apprentices. Vacancies in the Bureau of Standards at 
$720 a year and positions requiring similar qualifications 
will be filled from this examination. Applications will be 
received by the commission at Washington, until August 
eto? 1. 


The Long Island Railroad expects to electrify its 
division between Valley Stream and Babylon as soon as 
financial conditions will permit, according to a statement 
made by P. H. Woodward, general passenger agent, at a 
meeting of the Community Association of Bayshore on 
April 11. The distance from Valley Stream to Babylon 
is 21 miles. 


Sidney G. Johnson, formerly vice-president and gen- 
eral sales manager of the General Railway Signal Com- 
pany, has been appointed eastern sales representative for 
the Hazard Manufacturing Company to look after its 
interests in rubber insulated railroad signal wire and 
kindred products, with the railroads in eastern territory. 
Mr. Johnson’s headquarters are located in room 626, 
30 Church street, New York City. 


Ninety miles in one hour and twenty minutes was 
the time which was recently made by a special train of 
two cars from Philadelphia to Jersey City over 
the Philadelphia & Reading and the Central of New 
Jersey, a speed equal to 67.5 miles an hour. This train 
was run for J. L. Stokes, a banker, to enable him to 
connect with a train for Montreal, the Pennsylvania being 
blocked by a derailment and the Reading having no 
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regular train for two hours. 


train $427, 


Mr. Stokes paid for the 


According to reports from Switzerland during the 
next few weeks a commission of foreign engineers will 
visit Switzerland for the purpose of studying the electri- 
fication of the Swiss railroads. The commission will be 
composed of three American and three Swedish engi- 
neers. Mr. Oefverholmen, the Director General of the 
Swedish State Railways, heads the commission. The for- 
eign engineers will inspect the Gotthard and Lotschberg 
lines and the large new power stations on both of these 
lines. 


The following officers of the American Welding So- 
ciety were elected on Aprile 23.1921) atthe annual 
meeting of that society: president, S. W. Miller, 
Rochester Welding Works; vice-president for two 
years, C. A. McCune, Page Steel & Wire Company; 
directors for three years, A. S. Kinsey, Stevens In- 
stitute of Technology, E. M. T. Ryder, Third Avenue 
Railway Company, E. Wanamaker, Chicago, Rock Is- 
land & Pacific Railroad, J. C. Lincoln, Lincoln Electric 


Company, W. T. Bonner, New York Shipbuilding 


Company, H. R. Swartley, Davis Bournonville Com- 
pany, D. B. Rushmore, General Electric Company, H. 
L. Nicholson, Westinghouse Air Brake Company. 


Electrification in Zanzibar 
Along with extensive improvements to Zanzibar 
Harbor, extending over the next three years, one of 
the projects mentioned is a narrow-gage electric rail- 
way to run the length of the island, according to Guar- 
anty Trust Company. 


Illuminating Engineering Society Convention 
in September 

The annual convention of the Hluminating Engineer- 
ing Society will be held in Rochester, N. Y., during the 
week of September 26, 1921. Robert M. Searle, vice- 
president of the Rochester Gas & Electric Corporation, 
has been appointed chairman of the general committee 
for the convention. 


Mechanical Engineers to Discuss Power Resources of 
the Middle West 


The power session at the spring meeting of the Amert- 
can Society of Mechanical Engineers will be devoted to 
the subject of “Power Resources of the Middle West.” 
Samuel Insull, president of the Commonwealth Edison 
Company, will preside at the session which will be held 
at the Congress Hotel, Chicago, Ill., on Thursday, May 
26, at 10:00 a.m. 

Two papers will be presented. One by W. L. Abbott, 
chief operating engineer of the Commonwealth Edison 
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Company, will show the situation at the present time 
regarding power development and interconnection of 
power systems. The second paper will be presented by 


C. W. Place of the General Electric Company, and will. 


describe the power resources of the Middle West district 
so far as water power is concerned, giving the location, 
amounts and possible developments of these resources. 


St. Paul Employees to Acquire Stock 


Employees of the Chicago, Milwaukee & St. Paul 
have started a movement to acquire stock in the com- 
pany. Ata recent informal dinner of the employees of 
the auditor’s office, 189 employees subscribed for 379 
shares of the stock. They formed the “Action Club” 
and each employee owning a share of stock will wear 
a button on which will be inscribed, “I Am An Em- 
ployee Stockholder.” When the subject was discussed 
at the dinner the clerk who proposed the purchase of 
stock by employees said the company offered nothing 
and that officers of the road were in no way back of 
the proposition. Arrangements will be made to pur- 
chase the stock through brokers and payment will be 
made on the installment plan. 


Program of the A. I. E. E. Annual Convention 


The tentative program of the annual convention of the 
American Institute of Electrical Engineers to be held 
at Salt Lake City, Utah, June 21 to 24, inclusive, has 
been announced as follows: 


TuEsDAy. JUNE 21 


President’s address, by Arthur W. Berresford : technical ‘ 


committee reports; “Hydro-Electric Developments at Ni- 
agara Falls,” by J. L. Harper, Niagara Falls Power Com- 
pany; “Modern Developments in Waterwheels.” by W. 
M. White, Allis-Chalmers Company. 


WEDNESDAY, JUNE 22 


“Economic and Engineering Problems of the 220-Ky. 
Transmission,” by L. E. Imlay, Superpower Survey, New 
York ; “Voltage and Power-Factor Control of 66,000-Volt 
Transmission Lines Connecting Two Generating Sta- 
tions,” by Raymond Bailey, Philadelphia Electric Com- 
pany; symposium on long-distance transmission systems, 
by F. G. Baum, consulting hydro-electric engineer, San 
Francisco: W.. W. Lewis, General Electric Company, 
Schenectady, N. Y., and L. L. Elden, Edison Electric 
Mluminating Company of Boston; “Modern Production 
of Suspension Insulators,” by. Ky Hoe Fritz. Pittsburgh 
High-Voltage Insulator Company, and G. I. Gilchrest, 
Westinghouse Electric & Manufacturing Company. 


THURSDAY, JUNE 23 


“Voltage and Current Harmonics Caused by Corona,” 
by F. W. Peek, Jr., General Electric Company, Pittsfield, 
Mass.; “A Solution of the Porcelain Insulator Problem,” 
Dy ete ae Creighton, General Electric Company, Sche- 
nectady,GN «VY .and) inl: Hunt, Turner’s Falls Power 
& Electric Company ; “Transformers for Interconnecting 
High-Voltage Systems or for Feeding Synchronous Con- 
densers from a Tertiary Winding,” by JF. Peters and 
M. E. Skinner, both of Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa.; “Electric 
Strength of Air Under Continuous Potentials and as In- 
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fluenced by Temperature,” by J. B. Whitehead and F. W. 
Lee, both of Johns Hopkins University, Baltimore. 


Fripay, JUNE 24 


“Synchronous Motors for Ship Propulsion,” by E. §. 
Henningsen, General Electric Company, Schenectady, 
N. Y.; “Magnetic Properties of Compressed Powdered 
Tron,” by Buckner Speed and G. W. Elmen, both of 
Western Electric Company, New York; “Heat Losses in 
Conductors in Alternating-Current Machines,’ by W. V. 
Lyon, Massachusetts Institute of Technology, 


General Electric Company Enlarges Fort Wayne 
Works 


_ The General Electric Company has purchased 60 acres 
of ground for the expansion of its Fort Wayne works, 
the land joining the present property of the company. 
The erection of new buildings on this land, which will 
increase the plant about ten per cent, is to begin shortly. 
It is the intention of the company to put up two large 
one-story buildings of 65,000 sq. ft. floor space each. The 
transformer shop of the plant will occupy these new build- 
ings. At the present time the company occupies a total 
floor space of 1,300,000 sq. ft. and according to company 
officials the new property is big enough to provide space 
for doubling the size of the present plant. About 6,000 
workers are engaged at the Fort Wayne works now and 
when the additional buildings have been erected it is 
expected that at least 500 more will be employed. 


Electrification of Latvian Railway 


A group of foreign capitalists has begun negotia- 
tions with the town council of the Riga Strand and the 
Ministry of Communications of Latvia, for the elec- 
trification of the railway line between Riga and Kem- 
mern (the seaside), according to a recent article in the 
Latvian Economist. The railway administration in- 
tends to electrify the Libau station and depots with 
current from the Libau naval port, at an estimated 
cost of 6,000,000 German marks. 


Electrification Planned in Jamaica 


A $10,000,000 project for the electrification of the 
Government Railway is planned by the Jamaican Gov- 
ernment, according to the Times Trade Supplement, 
London. Of this amount it is said the pipe and con- 
duit lines will cost about $2,000,000, on which a 5 per 
cent saving can be effected by buying from the United 
States. Seven substations at a cost of $800,000 are 
suggested, while trolley wire, feeders, transmission 
and communication lines will total $4,000,000. Twen- 
ty-one electric locomotives are estimated at $1,250,000. 


Electrical Hazards and Their Safeguards 


The next regular meeting of the American Society 
of Safety Engineers will be held on May 27, at 8p. m., 
in the Engineering Societies Building, 29 West 39th 
street, New York. The general subject of the meeting 
will be Electrical Hazards and Their Safeguards. The 
following papers will be presented: High Tension 
Electric Generation and Transmission, by C. O. Van 
Dannenberg and W. W. Samuels, electrical engineers, 


J. G. White Engineering Corporation; Electrical- 


May, 1921 


Hazards-Terminal Equipment of the New York Cen- 
tral Railroad Entering New York City, by H. S. Bal- 
liet, assistant terminal manager, Grand Central Sta- 
tion, New York; Small Motor Problems and Indus- 
trial Control, by L. E. Smith, electrical engineer, Gen- 
eral Electric Company. The papers will be illustrated 
with lantern slides. 


New Method of Assigning Sleeping Car 
Reservations 


The Santa Fe Magazine tells of an innovation that 
means much in the way of convenience to sleeping- 
car passengers, as well as in insuring the avoidance of 
confusion and eliminating in large part the possibility 
of error in the assignment of berths, which was made 
recently on the Atchison Topeka & Santa Fe Ry. It 
has now been thoroughly tried out and the results ob- 
tained have been so satisfactory that its continuance 
is assured. It is based on a new method of number- 
ing Pullman cars. Heretofore the number of the car 
gave no indication of the train number, nor were the 
cars in a train arranged in numerical order as a gen- 


‘eral rule. Under the present arrangement, which was 


worked out by the passenger department of the road, 
any one can tell at a glance by the car number on a 
Pullman ticket just what train the holder of the ticket 
is intended to travel on and in just what location in 
that train his car will be. For example, on No. 3, the 
California Limited, the rear car is numbered 30, the 
one next to it 31, and so on consecutively toward the 
locomotive. In the second section the numbers start 
with 300. If a third section is run the numbers start 
with 310. The first figure in any car number thus 
indicates the number of the train in which it is lo- 
cated, and the subsequent numbers indicate whether 
first, second or third section. Therefore, when a pas- 
senger has occasion, at the depot or elsewhere, to 
make inquiry of a railroad employee as to the location 
of his reservation, he can immediately be advised on 
what train he has a reservation and just where his car 
will be located. 


New York to Fight Federal Water-Power Control 


The New York State Legislature recently passed 
the resolution which follows and as a result, it is ex- 
pected that the question of states rights as distin- 
guished from those of the Federal government under 
the water-power law will be fully reviewed before the 
courts: 

Whereas the Federal government has by the act of 
Aug. 8, 1917, assumed jurisdiction over the water- 
powers of this state in common with other states and 
is now assuming to act in relation to the disposition 
of the same for national purposes to the exclusion of 
the state; and 

Whereas such water-power belongs to the State of 
New York and to its citizens, subject only to the right 
of the Federal government to control navigation, and 
the Federal government is not vested by the Consti- 
tution with any right or power of control over water 


power ; and 


Whereas such water power and the right of control 
over the same are of great value to the people of the 
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state for public use for heat and power as a course of 
commercial development and revenue to the state, of 
which they will be deprived under said law by the ac- 
tion of the Federal government ; 

Now, therefore, be-it resolved, That the Attorney- 
General of this state be and he hereby is authorized 
to take such action as he may be advised in the prem- 
ises for the effectual protection of the interests of this 
state and that he is further authorized to co-operate 
with the duly constituted authorities of other states to 
the same end. 


French Commission Studies American Water Power 


A commission of French engineers recently toured the 
United States for the purpose of studying American water 
power projects with the idea of securing as much informa- 
tion as possible to assist in exploiting the water power 
resources of France. P. G. Feuilly, head of the commis- 
sion, said “Nine million horse power is going to waste 
in French streams. This is equal to 40,000,000 tons of 
coal, and at last we are going to employ it. At present 
France derives about 1,500,000 horse power from her 
streams. It is to be the policy of the government to de- 
velop every possible pound of water power energy. Be- 
sides harnessing the streams that have their source in the 
French and Swiss Alps, we shall extract power from the 
streams rising in the central plateau and in the Pyrenees. 
The two principal streams to be utilized are the Rhone and 
the Dordogne.” 


Personals 


F. B. Jewett, chief engineer of the Western Electric 
Company, has been elected vice-president and director of 
the company, continuing his present duties in charge oi 
the technical forces of 
the company, Dr. 
Jewett, wno was a 
lieutenant-colonel in 
the Signal Corps 
during the war and 
was decorated with 
the Distinguished 
Service Medal, was 
born “at » sRasadena, 
Cal., on September 5, 
1879. He was grad- 
uated from the elec- 
trical engineering 
course of Throop 
Polytechnic Institute, 
of Pasadena, in 1898. 
From that time until 
time 1902 hevwas sa 
graduate student at 
the University of Chicago. During tne next two years 
he was instructor in physics and electrical engineering at 
the Massachusetts Institute of Technology. Dr. Jewett’s 
connection with the commercial telephone business dates 
from September, 1904, when he became transmission en- 
gineer for tne American Telephone & Telegraph Com- 
pany. While acting in this capacity, the loading of eight 
gage circuits was perfected; phantom cables and phantom 
loading for open wires and cables were developed; the 
New York to Denver circuit and line was engineered and 
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also the Boston to Washington underground cable. In 
April, 1912, Dr, Jewett became assistant chief engineer 
of the Western Electric Company in charge of all devel- 
opment and research work. He has been chief engineer 
since 1916. Dr. Jewett was an advisory member of the 
Special Submarine Board of the Navy and contributed 
much towards the perfection of devices for detecting hos- 
tile submarines. The perfection of wireless telephoning 
is one of the undertakings which was completed under 
his direction. 

W. J. Davis, Pacific Coast engineer of the General 
Electric Company, has been transferred to the Interna- 
tional General Electric Company and will soon leave for 
London and later for South Africa, where he will remain 
about one year studying the proposed electrification of 
the present steam railroad between Capetown and Pieter- 
maritzburg, a distance of approximately 800 miles. Mr. 
Davis states that electrification will defer double-tracking 
fifteen years. Mr. Davis was born in Louisville, Ky., in 
1869 and after being graduated from the Rose Polytech- 
nic Institute in 1892 spent three years in construction 
work, at which time he entered the employ of the Gen- 
eral Electric Company at Schenectady in the students’ 
course. In 1898 he was transferred from the special 
testing department, where he was then foreman, to the 
railway and traction engineering department He was 
engineer on some of the most notable early electrifications. 
Mr. Davis has been in his present position for eleven 
years. 


Obituary 


Willard L. Candee, formerly for about 20 years 
previous to 1915, president of the Okonite Company, 
Passaic, N. J., died on April 24 of heart failure in 
New York City, while 
on an automobile trip 
from Long Island. He 
was born 70 years ago 
at Yonkers, ON; Yo 
and was one of the 
pioneer men in the 
telephone field, also in 
the electrical lighting 
field. He was associ- 
ated with Charles A. 
Cheever in organiz- 
ing the first telephone 
company in New 
York City, in the 
early eighties. In 
1884, with Mr. Chee- 
ver, he organized the 
Okonite Company for 
manufacturing insulated wires and cables for electrical 
purposes, and about ten years later he became president 
of that company. Mr. Candee remained as president until 
he retired from active business five or six years ago. 


W. L. Candee 


Trade Publications 


Westinghouse Electric & M anufacturing Company has 
issued a pamphlet on the electrification of the Newye 
N. H. & H. R. R., with especial reference to the road’s 
six latest electric locomotives which are described. 
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Archbold-Brady Company, Syracuse, N. Y., has pub- 
lished a booklet illustrating and describing the transmis- 
sion lines of the Niagara Falls Power Company con- 
structed by it, which involved some special engineering 
problems. 


Iron-Clad Solenoids is the title of a new 4-page leaflet 
being distributed by the Cutler-Hammer Manufacturing 
Company, Milwaukee, Wis., which describes electric sole- 
noids for operating brakes, clutches, valves and similar 
devices where a straight line motion is desired. 


The Goulds Manufacturing Company, Seneca Falls, 
N. Y., has issued a catalog describing the Goulds “Auto- 
water’’ system, electrically-driven pumps, etc. The com- 
pany is also circulating a small booklet giving instructions 
for the installation, operation and care of Goulds “Hi- 
Speed” pumps. 


Accessories for Moving Bridges—Bulletin No. 1 
issued by Norwood-Noonan Company, Chicago, IIL, 
illustrates and describes briefly auxiliary apparatus 
used in conjunction with bridge operation, such as 
gasolene engine units, gasolene engine dynamo units, 
limit switches, bridge lamps and control switches. 


McGill Manufacturing Company, Valparaiso, Ind., has 
recently issued a small envelope folder, illustrating and 
describing various types of wire lamp guards used for 
the protection of incandescent bulbs from breakage and 
theft. A safety vapor proof portable guard is also shown. 
A price list of the various guards is given in the folder. 


Welding Specialties—A small pamphlet has recently 
been issued by the Transportation Engineering Corpora- 
tion, 200 Fifth avenue, N. Y., which describes and illus- 
trates a number of the electric arc welding accessories 
manufactured by this company. ‘The specialties described 
are welding helmets, goggles, a portable sand blast, a 


metal electrode holder and various types of coated 
electrodes. 


Sprague Electric Works of the General Electric Com- 
pany, New York, has recently issued a 24-page pamphlet 
known as Bulletin No. 48,967, which is devoted to an 
extensive description of the various types of electric hoists 
manufactured by the company. A large number of photo- 
graphs are shown from which may be seen the ap- 
plication of such hoists in industria] plants of all kinds. 
One section of the bulletin is devoted to the illustration 
and description of vertical winches ; a number of photo- 
graphs showing these winches pulling coal cars, barges 
and heavily loaded wagons up steep inclines. 


Sangamo Electric Company, Springfield, IU., in its Bul- 
letin No. 56, just issued, explains the use of amperehour | 
meters for controlling electroplating operations. The spe- 
cial type of amperehour meter described is calibrated to 
read in weight of metal deposited, and the meter is so 
arranged that it may be set to stop plating operation when - 
any desired weight of metal has been deposited. Gold 
plating requires the use of two meters connected in series. 
Both meters measure the amperehours supplied to an 
auxiliary load furnished by a rheostat, but one of them 
measures in addition the amperehours used in the plat- . 
ing operation. The difference between the readings in 
these two meters gives an accurate measure of the amount 
of gold deposited. 
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A wage reduction of approximately 12 per cent affect- 
ing all employees of Class 1 railroads will go into effect 
on July 1. This reduction will be ac- 


The cepted in some cases without, and in 
Wage other cases with, protest, but it is not 
Reductions probable that many men will leave 


railroad service because of it. If the 
railroads are to continue to function at all as self-con- 
tained institutions, operating costs must be reduced. The 
average monthly wage of the railroad employee will be 
reduced from $141 per month to $125 per month, and the 
saving to the railroads will be $400,000,000 yearly. The 


largest reduction is in the wages of section men who are 


for the most part unskilled workers. They will be reduced 
18 per cent or, from a daily basis of $3.70 to $3.02. This 
puts section labor back where it was before the wage 
award on July 20, 1920, but leaves its wages averaging 


about 38 cents an hour, which is more than is now being 


paid for labor in most other industries. Journeymen elec- 
trical workers will be reduced 9.5 per cent, or from $6.75 
to $6.11 per day, which still leaves them 6 per cent ahead 
of where they were before the wage award of July 20, 
1920. Electrical workers with less than four years’ ex- 
perience will be reduced 11.5 per cent, or from $5.57 to 
$4.93 per day. It is always hard to accept any reduction 
in wages because there is nothing easier than getting used 
to prosperity, but the reductions are not as great as the 
reductions in the cost of living. Generat business condi- 
tions will improve quickly if the railroads are restored to 
a prosperous basis. 


In view of the business depression which is almost 
world-wide in practically every phase of business, it is 
not surprising that the regular semi- 
annual convention of the Association 
of Railway Electrical Engineers at 
Atlantic City will be omitted this 
month. The Summer meeting in- 


Semi-Annual 
Meeting 
Omitted 


- variably. consists of a presentation of progress reports of 


the various committees of the association. The chief loss 
from the omission of this year’s gathering is not so much 
the lack of the progress reports as it is the loss of oppor- 
tunity of the association members to meet each other and 
learn what the other fellow is doing. Even this disadvan- 
tage is overshadowed by the fact that the supplymen de- 
cided not to exhibit this year, for it is generally recognized 
that a factor of great value is the extensive exhibition of 
electrical and mechanical devices which is displayed co- 
incident with the meeting of electrical men. 

Although the decision of the Railroad Supply Manufac- 
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turers’ Association not to exhibit this year at Atlantic 
City was undoubtedly the underlying reason for the 
abandonment of this month’s convention, it would be most 
unreasonable to expect such an exhibit this year. The ex- 
pense involved in transporting and locating the various 
exhibits is large and many of the companies who regular- 
ly made a practice of exhibiting have been obliged to cur- 


-tail expenses in every possible way. 


There are indications that business conditions are on the 
mend and while the period of convalescence may be-some- 
what lengthy, it is the opinion of many that commercial 
matters in general are in a healthier condition to-day than 
they were a year ago in spite of the greater amount of 
money in circulation at that time. oat 

The Association of Railway Electrical Engineers has 
already announced its determination to hold its. regular 
annual convention in October at Chicago. . It would have 
been a mistake to have done otherwise, for the important 
matters. to be discussed by the association are calling 
loudly for attention. 

By that time let us hope that the clouds of financial de- 
pression will have entirely disappeared and that the sun- 
shine of prosperity will again look down upon a busy 
commercial and industrial world. 


The committee on electrification of steam railroads at 
the recent National Electric Light Association conven- 
tion in Chicago touched on a very 


Why Not important subject, when it urged all 
Buy central stations of electric companies 
Power? to commence at once a program 


looking toward a standardization of 
methods and voltages such as will permit railroad elec- 
trification at the earliest moment. This does not mean one 
voltage or one frequency or one type of locomotive, but 
means reducing the number of each to the most practical 
minimum. There is little argument except expense that 
is ever introduced against steam road electrification. The 
advantages of electrification are generally recognized 
both by railroad officers who have dealt with it and by the 
traveling public. The expense of electrifying a system is 
so great, however, that any general adoption of electric 
motive power is still a long way off. There are, neverthe- 
less, roads that have reached the utmost limit of traffic 
movement by steam power and which, in order to increase 
capacity, can better afford to electrify than to build more 
tracks. 
Other roads which have not yet reached such a critical 
condition, but which are gradually and certainly ap- 
proaching it, are giving more than fleeting consideration 
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to the subject of ultimate electrification. Through it all 
looms the great factor of initial cost, and anything that 


can minimize this cost will be a powerful factor in winning 


more and more advocates to the electrification projects. 

Among the other items usually included in the first 
cost of electrifying any steam line is the construction of 
power stations. While the expense of erecting such build- 
ings and installing the generating units is not such a 
formidable factor as supplying electric locomotives and 
making other changes necessitated by the adoption of 
electric power, the cost of such buildings and equipment 
is a very real expense. If roads could purchase power for 
their operation from large dependable commercial sta- 
tions, it would materially reduce the initial investment 
required and in some instances this reduction might be 
sufficient to decide in favor of electrification. 

With regard to power supply, the: most important. fac- 
-tor is dependability. If this can be assured from a com- 
mercial company it would seem that there is little or no 
-advantage to be gained by making the: railroad bear the 
“initial cost of power stations. The generation of power 
in large central stations has been reduced to such an ex- 
act science that it is highly improbable that any railroad 
-could generate its own power cheaper, if indeed, it were 
-able to do it as cheaply. Moreover, when the responsi- 
bilities of power supply are removed from the electrical 
forces of the road, it at once becomes possible to devote 
more attention to the rolling stock and line maintenance, 
this placing the road in a position to furnish better trans- 
portation. 


There is an opinion which is more or less prevalent 
among the users of lamps on the railroads that the 
As efficiency and candle-power of a type 


Efficiency C gas filled lamp falls off rapidly at 
and Life some period in its life. This may 
of Lamps be founded on fact in isolated cases, 


but 1s not characteristic of the gas 
filled lamps. The candle-power falls off gradually during 
the life of the average gas filled lamp much in the same 
way that it does in the case of the type B vacuum lamp, 
and manufacturers make an effort to produce lamps 
which will all give something more than 80 per cent of 
their original candle power at the time they burn out. 
The life of the two types is about the same. 

The mean or average efficiency of the 100-watt, 
110-volt type C lamp throughout its life is almost 97 per 
cent, while that of the 100-watt, 110-volt type B lamp 
is only about 89 per cent. This is according to the last 
report of the lamp committee of the National Electric 
Light Association based on the findings of a_ testing 
laboratory not controlled by a manufacturer. The follow- 
ing is the part of the report which deals with the 100- 
watt lamps: 

Although Mazda C lamps have largely supplanted the higher wattage 
vacuum type, and the 100-watt vacuum lamp is no longer regularly listed 
by the manufacturers and the demand for this lamp is decreasing, this lamp 
(100-watt vacuum) is still being -used to a considerable extent. The 
continued démand for these high wattage Mazda B lamps indicates that the 
relative efficiency and cost of lighting from the Mazda B and C types have 
not been given due consideration. The committee feels that the attention 
of member companies should be called to the desirability of the substitution 
of the gas filled type of lamp in both the 75 and 100-watt sizes. 

The initial efficiency in lumens per watt of the Mazda B lamps is 10.22 
as against 12.57 for the Mazda C, indicating that the latter type is 25 per 
cent more efficient than the Mazda B lamp. In addition, the Mazda C lamp 


has better candlepower maintenance during life. For example, the mean 
lumens per watt throughout the life of the 100-watt B lamp is 89 per cent 
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of the initial, and about 97 per cent with the type C. This means that the 
efficiency of the 100-watt Mazda C lamp throughout life averages 33 per 
cent better than that of the Mazda B of the same wattage. i 

Attention is directed, however, to the fact that the Mazda C lamp is some- 
what inferior in ruggedness to the Mazda B, and under some service con- 
ditions the advantages and economy in Mazda C lamps may be diminished. 
The committee understands also that local conditions may, in some cases, 
have a bearing on this subject, but generally speaking it is felt that the 
importance of supplying to the public lamps best suited to their service 
draws attention te the foregoing and the committee suggests that where 
100-watt Mazda B lamps are used in considerable quantities the matter 
be carefully considered by member companies. 


In considering this information, it must be remembered 
that the committee is dealing only with 100-watt units. 
The small type B lamps are more practical units than is 
the 100-watt size. The relative differences in efficiency 
of the two kinds of lamps falls off as the sizes decrease. 
Comparative ruggedness is also a factor in certain cases 
in favor of the type B lamp, but the type C lamp is now 
finding much favor in car lighting service as the 32-volt 
lamps are much more rugged than those for higher volt- 
ages. Manufacturers are now producing 15= and 25-watt 


gas filled lamps for 32 volts that are sufficiently rugged 
-to meet the requirements of car lighting service. 


The 15-watt lamp is only about 10 per cent more 


‘efficient than the 15-watt type B lamp and the small type 
-C lamps are practically all coated or frosted, as few of 


the small reflectors in which they are used are designed 
to protect the eyes of the passenger from the direct light 
from the filament with its high intrinsic brilliancy. When 
this coating is sufficient to diffuse the light from the fila- 
ment properly, it absorbs about 10 per cent of the light. It 
is, therefore, a question as to which type of lamp to use in 
such small units. The efficiency is about the same and 
the whiter light and somewhat better light distribution, due 
to the more concentrated filament must offset the higher 


“cost of the gas filled lamp. The gas filled lamp. should 


not be used where vibration is excessive; or for general 
lighting purposes where the light is close to the work- 
man unless he is protected from the direct rays by a 
proper reflector or coated bulb or globe. In general, 
however, it can be said that the gas filled lamp should 
supplant the vacuum lamp except in the smaller sizes 
where its advantages are not sufficient to offset the 
greater first cost. 


New Books 


Tite Mathematical Theory of Electricity and Magnetism. By J. H. Jeans. 


Fourth edition. Published by University Press, Cambridge. 1920. 627 
pages, 7x10 in. Bound in cloth. 
Contents :—Electrostatics and current electricity — 


Magnetism.—Electromagnetism.—Relativity. 

There is a certain well-defined range in electromag- 
netic theory, the author states, which every student 
of physics may be expected to have covered with 
more or less thoroughness before proceeding to the 
study of special branches or developments of the sub- 
ject. The present book is intended to give the mathe- 
matical theory of this range of electromagnetism, to- 
gether with the mathematical analysis required in its 
treatment. It is written for the student and for the 
physicist of limited mathematical attainments. 

The main changes in the fourth edition consist in a 
rearrangement of the later chapters and the addition 
of a new chapter on the theory of relativity. This at- 
tempts to present the broad outlines of the theory in 
the simplest possible way, suitable for students who 
approach the subject for the first time. 


Electric Passenger Train at Airolao 


Electrification 


of St. Gotthard Line, Switzerland 


Road Has 60 Trains a Day, Average Grade of 2.5 Per Cent 


for 30 Miles and Coal Is at a Premium 


By Hans W. Schuler 


Electrical Engineer, Swiss Federal Railroads 


Yue Swiss Federal Railroads decided to electrify the | 


St: Gotthard Line from Erstfeld to Bellinzona, a 
distance of 101 miles, in August, 1913. The Gott- 
hhard Line extends from Lucerne to Chiasso on the Italian 
border, a distance of 180 miles. The part of the line which 


: 
8 
& 
S S 
4 
8 
S 
v iy 4\0 
v > Ny} 
N eS agar H 
S 3 Bix Sa gS 
Cy lass Saas 
ry) S s Ss Re eS 
3 S Ss = 8 
N S SN 
i Oo" 
70 De 10 % 
% ‘ | . aS 
§ Sg 8 3 
: Beaks z g 
ee es 
9 10 20 30 50 


The best material and methods of construction obtainable 
were used, because of the heavy traffic, the severe climatic 
conditions and the importance of the line as a main con- 
nection between Germany and Italy. Nothing was omitted 
in an effort to obtain a quality of material and standard 
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Profile of the St. Gotthard Railroad. This Section from Erstfeld to Bellinzona Has Been Electrified 


is electrified with its heavy grades, long tunnels and with 
the great differences in altitudes that are to be over- 
come, represents a mountain railroad of the first order. 

In 1912, the amount of traffic handled from Erstfeld 
to Bellinzona was about 405,000,000 ton-miles. Every 
day 20 through trains, 8 local trains, 22 freight trains 
and from 10 to 20 special trains were run over this line. 


method of construction that might secure an uninter- 
rupted, reliable service. 

The electrified section is all double track and has the 
heaviest and longest grades of any of the standard gage 
railroads of Switzerland. The northern part, from Erst- 
feld to Goeschenen, at the northern portal of the St. 
Gotthard tunnel, has an average grade of 2.6 per cent 
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japipa 


on a length of 18.7 miles, and the southern part from 
Biasca to Airolo, at the south portal of the St. Gotthard 
tunnel, has an average grade of 2.5 per cent for a dis- 
tance of 28 miles. 

The original plan for electric power called for two 
power stations equipped with single phase generators, 
one situated near Amsteg in the Reuss Valley, on the 
north side of the Alps, and the other near Ambri-Piotta, 
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reason for this procedure was as follows: When Italy 
entered the war the traffic on the St. Gotthard Line 
diminished considerably. It was evident then, that this 
traffic regress would continue for some time. The Ritom 
power station should be able to furnish all of the power 
required to run trains until about 1922, and it seemed 
admissible not to hasten the construction work of the 
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Map of the Electrified Section of the St. Gotthard Railroad 


on the south side. In 1914 the work of building these 
power stations was started and it was planned to get them 
finished and ready for service in 1918. The world war 
checked this program. Because of the enormous difficul- 
ties created by the war, it was necessary to neglect some 
of the construction work of the Amsteg power station 
and concentrate the work of building on the Ritom power 
station at Ambri-Piotta. This station began to deliver 
current to the contact line in the spring of 1920. The 


The Ritom Power Station. Pressure Pipe Lines from Lake Ritom 


Are Brought Down Through Cleared Space in the Timber Shown 
in the Rear 


Amsteg power station, but to wait a year or two for a 
time with better conditions for construction work. 
Because of the difficulties involved in getting materials 
from other countries, such as iron, copper and insulators, 
the construction of the contact line was delayed. Other 
obstacles encountered were the necessary reinforcement 
of the numerous bridges, due to the fact that the electric 
locomotives were heavier than the steam locomotives dis- 


The Amsteg Power Station Under Construction. 
Taken in November, 1920 


Photograph Was 


placed, and to the necessity for rebuilding the stations 
at Goeschenen, Airolo and Bellinzona, which had reached | 
their capacity in 1913. In spite of these delays, the con- 
tact line through the St. Gotthard tunnel was ready for 
service in May, 1920, when the Ritom power station be- - 
gan to supply current. In July, the construction of the 
contact line from Erstfeld to Goeschenen was completed © 
and in November the contact line from Airolo to Biasca - 
was ready for service. The great amount of rebuilding’ 


June, 1921 


work now going on in the station of Bellinzona will make 
it impossible to start electric operation from Biasca to 
Bellinzona before early summer, this year, 


The Power Stations 


The power station at Ritom is a hydro-electric plant 
with a head of 2,620 ft. Lake Ritom, situated about 2,950 


Interior of Ritom Power Station at Ambri-Piotta 


ft. above the village of Ambri-Piotta, at an altitude of 
6,000 ft., is used as a reservoir, and the water is held in 
the lake by a small dam at the outlet of the lake. The 
useful volume of the lake is 918,000,000 cu. ft. and the 
average outflow is 35.3 cu. ft. per second. This flow 
and head maintain a continuous output of 8,500 hp. at 


Catenary Construction on Tangent. Track 


the shaft of the turbine. The reservoir capacity of this 
plant makes it admirably suited for co-operation with the 
plant at Amsteg, which has a varying output caused by 
the widely fluctuating flow of the Reuss River on which 
it is located. The Ritom power station is now built for 
an output of 48,000 hp. and its capacity will later be 
enlarged to 72,000 hp. At present there are three 9,000 
kva. generators in service, each direct connected to a 
12,000 hp. Pelton turbine, while a fourth set is being 
mounted. The generators develop single-phase, 15,000- 
volt power at a frequency of 162/3 cycles.. The current 
is delivered directly to the contact line at the power sta- 
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tions and also to 11,000 kva. transformers which step the 
voltage up to 60,000 volts to transmission lines which 
take it to the various sub-stations. At present it is neces- 
sary to mix electric traction with steam traction between 
Biasca and Bellinzona, and until it is possible to discon- 
tinue this practice, the tension on the contact line will 
be maintained at 7,500 volts. 

The Amsteg power station uses the fall of the Reuss 
River. A pressure tunnel, 444 miles long, conveys the 


water to a water chamber 920 ft. above the powerhouse. 


Catenary Construction on Curve. Supporting Bridge in Foreground. 
Second Bridge Is a Pull-Off 


The average minimum output during the three winter 
months is 12,000 hp. at the shaft of the turbines. Water 
wheels aggregating a total of 60,000 hp. will be installed 
at first and later increased to 90,000 hp. The Amsteg 
power station should be ready for service early in 1922, 
and as soon as it is put in operation the Ritom station 
will be practically idle in the summer, thus allowing a 


Catenary on a Curve Showing Another Type of Pull-Off Construc- 
tion (See Preceding Illustration) 


large volume of water to accumulate in Lake Ritom, 
while Amsteg, due to the immense flow of water in the, 
Reuss River during the summer months, will be able 
to generate all the power that is needed to run all trains 
over the. St. Gotthard Line. During the three winter 
months the Amsteg station will have its output limited 
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to 12,000 hp. and Ritom will be able to satisfy the bal- 
ance of the power demand by drawing on the water ac- 
cumulated in the lake during the summer months. 


Transmission Lines 


From the power stations, the power is transmitted over 
60,000-volt transmission lines to the sub-stations. Be- 
tween the Ritom power station and the sub-stations of 
Goeschenen and Giornico these transmission lines are 
built as underground cables. As the middle point of the 
transformer high tension winding is grounded, the ten- 
sion between each conductor and ground is only 30,000 
volts. The cables are insulated to stand 30,000 volts 
in normal service. Before they are laid they are tested 
with 90,000 volts. At present there is only one, two- 
conductor transmission line consisting of two cables of 
135 sq. mm. copper cross section each between Ritom 
and Goeschenen and two lines consisting of four cables 
of 120 sq. mm. cross section each between Ritom and 
Giornico. A second line between Ritom and Goeschenen 
and two lines between Amsteg and Goeschenen are being 
installed. Each of the cables used in these lines has a 
cross section of 135 sq. mm. 

The 30,000-volt cables are placed on the right of way 
in concrete channels. Junction boxes are placed in the 
concrete channels at intervals of about 1,600 ft. for the 
purpose of making splices in the cable. In the St. Gott- 
hard tunnel the cables are laid in reinforced concrete 
channels that are attached to the side wall of the tunnel at 


Special 


Contact-Wire Support and Protective Devices Are Used 
on Highway Bridges 


a height of 4 ft. 11 in. above the top of the rail. The 
channel supports are placed at intervals of 10 ft. 9 in. 
The insulation of the cables consists of specially impreg- 
“nated Manila paper, which is covered by a lead sheath 
3 mm. thick, which in turn is enclosed in a jute wrapper. 

From the Giornico sub-station to the south and from 
Amsteg to the north, the transmission lines are aerial. 
The line to the sub-station of Giubiasco is now ready 
for service and the line further south to the sub-station 
of Melide will be completed by the end of this year. For 
the greater part of the distance these lines parallel the 
track at a distance of 66 ft. and consist of 4 copper strands 
of 100 sq. mm. cross section. The average distance be- 
tween poles is 262 ft. A ground wire consisting of a 
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% in. galvanized steel strand is strung over the top of 
the poles. The transmission lines from’ Amsteg to the 
north will be built during the coming summer and fall 
and should be ready ‘for service ‘early in 1922. It will 
connect. the. Amsteg power station with the sub-station 
at Steinen. . : 
Sub-Stations 

There are five sub-stations in all. The sub-stations of 
Goeschenen and Giornico are already in operation, the 
sub-station of Giubiasco is about completed and the sub- 
stations at Melide and Steinen will be put in service at the 
end of this year. In the sub-stations the single phase 
current from the power stations is transformed from 60,- 


Insulators and Circuit Breakers on Pole 


Catenary Construction 


Sectionalizing 


in Yard 


000 to 15,000 volts and delivered to the contact line. The 
sub-stations of Goeschenen, Giornico and Giubiasco are 
built for the installation of three transformers of 5,000 
kva., continuous rating, but only two will be installed 
until the traffic demands a third. The sub-station at 
Steinen will be equipped with three and later on with four 
transformers of 5,000 kva. capacity. 


The Contact Line 


The contact line is built as a catenary. Over the main 
line track it consists of a No. 0000 hard drawn copper 
contact wire, a %4-inch, 19-strand galvanized iron aux- 
iliary messenger and a %-inch, 7-strand galvanized iron 
messenger wire. The contact wire is suspended from the 
auxiliary messenger at intervals of 23 ft. and the aux- 
iliary messenger is supported from the messenger by 
hangers placed at intervals of 92 ft. The bridges which 
support the messenger are spaced 184 ft. apart. At these 
bridges the contact wire and auxiliary messenger strand 
are held in their position, relative to track, by a special 
pull-off construction. On curves with radii less than 
2,950 ft. the contact wire, the auxiliary messenger and 
the messenger are pulled off in the middle of the span. 
The span of 184 ft. was chosen because it was found the 
most advantageous one with respect to the many curves 
and because of the small width of the pantograph shoe 
made necessary by the form of the tunnel. On adjoin- 
ing lines, where curves are less frequent, the length of 
span will be 197 ft. 

The maximum tension of the contact wire at the low- 


June, 1921 


est temperature reached in winter is 883 lb. At the high- 
est temperature in summer, this tension goes down a$ 
far as 530 lb. With the greater number of catenary sys- 
tems used in Europe, a constant trolley wire tension is 
obtained by tension weights used to suspend the contact 
wire at various points of the line. No tension weights 


Sectionalizing Switches Used to Disconnect the Catenary Over the 
Station Tracks from the Main Line Catenary 


are employed in the construction of the catenary on the 
St. Gotthard Railroad and much care has been taken to 
obtain a perfectly level contact wire, as the pressure of 
the pantograph shoe is kept at only 57% Ib. 

In the tunnels the auxiliary messenger is replaced by 
a copper wire that is mounted close to the main contact 


RAILWAY ELECTRICAL ENGINEER 


225 


ft. at highway crossings and 20 ft. in stations. The total 
difference in height, on account of temperature change, 
is 1.5 ft. In tunnels and under low bridges the height 
above the top of rail is 16 ft. at all temperatures. 

The contact line is insulated with a double insulation 
that consists of two pin-type and one spool-type in- 
sulators, at all points where the messenger strand is sup- 
ported and which consists of one pin and one spool-type 
insulator at the pull-off. On account of the limited space 
in tunnels it was impossible to install double insulation. 
As a substitute a pin-type insulator of especially heavy 
design is used. All of the insulators used have a cylin- 
drical section which makes it possible to use them with a 
sturdy type of insulator support or armature. The flash- 
over voltages of these insulators are given in table No. 1: 


TasLe No. 1 


Tunnel Pin Spool 
Insulator Insulator Insulator 
IDIAR tbobnunoacwnes 6 onemeot 110,000 volts 83,000 volts 52,000 volts 
Under rain of 45 deg. at the 
rate of 1” in 5 minutes.... 78,000 volts 58,000 volts 23.000 volts 


Previous to their adoption, special tests with the tun- 
nel insulator were made in 1918 on a trial section in the 
St. Gotthard tunnel. The insulators under test were com- 
pletely black with smoke and at a moment when two lo- 
comotives, giving off thick black smoke, were passing 
underneath, the insulators flashed-over at a voltage of 
29,000 volts. 

The yard tracks are equipped with a contact line 
which consists of the contact wire 70 sq. mm. cross sec- 
tion, of a 34 in. 19-strand galvanized iron auxiliary 
messenger and a 3@ in., 7-strand galvanized iron mes- 
senger. 

The pole lines on the open line between Erstfeld and 
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General Wiring Diagram of the 15,000 and 60,000-Voit Lines 


wire. The messenger is replaced by a copper clad steel 
wire that has a copper cross section of 28 sq. mm. and a 
Bieel cross section of 28.5 sq. mm. The messenger ig 
supported by special frames, which are about 82 ft. apart. 

The height of the contact wire above the top of the rail 
at the highest temperature is 18 ft. on the open line, 19 


Between Lucerne and Chiasso 


Bellinzona are made of “H” beams 8 in. wide. Between 
Bellinzona and Chiasso and between Erstfeld and Lu- 
cerne structural steel poles are used which have the same 
mechanical strength. The yokes between the poles are 
made of two “T’s” or of four angles. In the stations, 
structural steel poles are used with rigid steel cross spans. 
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All insulator supports and all bolts and small parts for 
the contact line are heavily galvanized. 

Section insulators and switches are so located that all 
of the track in a station can be disconnected from all 
others and so that all of the main line tracks between any 
two stations can also ke disconnected frcm the rest of the 
system. There are no feeders along double track lines, 
but feeders are provided on single track lines for contin- 
uity of the circuit while repair work is being done on the 
contact line. 

The different sections of the contact line are connected 
by oil circuit breakers. Four of these circuit breakers are 
located at either end of every station. When all of the 
lines are in service, the contact line transmits the current 
through the stations to points farther away from the 
feeding point. Each station is provided with a special 
jumper line that goes around the station and maintains 
continuity of the circuit when the lines in the station 
are disconnected. 

A special selective system is installed for short circuit 
protection. The sectionalizing switches are equipped 
with current transformers and in the case of a short cir- 
cuit these transformers remove the interlock from the 
sectionalizing switches and trip the feeder circuit breaker 
in the nearest sub-station. The operator in this sub- 
station then tests the line with an auxiliary circuit through 
a high resistance. If the test ammeter shows more than 
a definite amount of current flowing through the re- 
sistance into the line, he pushes a button that energizes 
the remote control wires and trips the circuit breaker at 
each end of the defective section. He then closes the 
feeding circuit breaker and energizes all of the line but 
the defective section. The feeder circuit breakers are 
equipped with an alarm bell and as soon as the section 
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ment and railroad telegraph and telephone lines along 


‘the railroad right of way. As many of these lines use 


a grounded return, it is not possible to have them on the 
right of way of an electrified road because of the noise 
caused by inductive interference and the danger of ac- 
tual physical contact with the overhead system of the 
electrified railroad. 

On the St. Gotthard line the railroad placed its tele- 
graph and telephone lines in a cable laid in a concrete 


sane eec 


Electric Passenger Locomotive 


channel in the right of way and the state removed its 
lines as far away from the railroad as the rather narrow 
valley would admit. Along this line, both the railroad 
and the state have discontinued the use of a grounded 
return, and as the lines are either in a cable or from 
1,640 to 2,600 ft. away from the contact line and fre- 
quently transposed, there is no trouble from inductive 
interference and no danger of actual contact. In some 
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has been made “dead” by the sub-station operator, the 
line maintainers are notified. All of the remote control 
wires are contained in a “control cable” that is run under- 
ground alongside the track. 


Telegraph and Telephone Lines 


All of the telegraph and telephone lines in Switzer- 
land, not owned by the railroads, are owned by the gov- 
ernment, and it is common practice to tun both govern- 


localities the induced voltage in the railroad telegraph 
and telephone lines runs as high as 240 volts at peak loads, 
but as the lines are not grounded this does not inter- 
fere with normal service. 


Locomotives 


When a decision was reached to electrify the St. Gott- 
hard Line, it was planned to obtain trial locomotives as 
soon as possible and to test them out on the Loetschberg 
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Railroad for the purpose of finding out which type was 
the best suited for the St. Gotthard Line. The war also 
delayed the delivery of electric locomotives for the test, 
and for this reason the locomotives for the St. Gotthard 
Line had to be ordered before the trial locomotives had 
been delivered and tested. 

At the present time there are about 30 locomotives 
in service, 15 of which are freight and 15 passenger loco- 


motives. The data for the two types is given in table 
No. 2. 
TABLE NO. 2 
Passenger Locomotive Freight Locomotive 
UDG ee eee ee ewe eee ees 2-4-4-2 2-6-6-2 
Continuous rating (hp.).... 1650 1825 
One hour rating (hp.).....-- 1800 2250 
Drawbar pull (continuous). . 20,000 1b. 26,000 1b. 
Drawbar pull (one hour)... 23,000 lb. 37,500 Ib. 
=) 32) = Se ogIIgn cise Iomreions 47 miles per hr. 40 miles per hr. 
Length over all...........- SAN 636 ft. 
Diameter of driving wheels. . 60.4 in 53,2) ins 
IRSMETAM Osco aie Sess D325 1:4.03 
Weight of mechanical parts 59.3 tons 72.0 tons 
Weight of electrical parts 47.3 tons 56.0 tons 
Miotal Weight. .....-.sseee.s 106.6 tons 128.0 tons 
Weight on drivers........- 76.8 tons 103.9 tons 
Electric parts made by...... Brown, Bovery & Co. Maschinenfabrik 
Oerlikon 

Mechanical parts made by.. Lokomotivfabrik Lokomctivfabrik 

Winterthur Winterthur 


The coal situation, often referred to as the coal misery, 
reached its climax in 1918 and taught Switzerland to 
consider steam railroad electrification as a vital as well as 
an economic problem. With the high prices being paid 
for coal, many roads could probably show considerable 
saving if electrified, but more than this it was desirable 
to maintain the continuity of traffic and not be dependent 
upon the goodwill of foreign countries for coal) These 
were the primary reasons for deciding on a program 
for the electrification of all of the lines of the Swiss Fed- 
eral railroads, and a decision has been reached not to 
wait for the completion of the electrification work on the 
line from Erstfeld to Bellinzona but to go on at once 
with the electrification of adjoining lines. Table No. 3 
lists the Swiss Federal railroads which are electrically 
operated and those on which the work of electrification 
is in progress. 

TABLE NO. 3 


LINES ELECTRICALLY OPERATED 


Year 
operation Kind of 
Lines Length of line was started power used 
Brig-Iselle (Simplon 13.7 miles (single 
ITISINEL ow iste sisico-0 PET ACIS reste tse isue, Sieras, 1905 Three phase 3000 
Brig-Sitten .........35 miles (partly dou- volts, frequency 16% 
Le witaClo in, cpcer ans 1919 As above 
SRAM CSTE feces os 20 miles (double 
tracks) vse cs cssecas 1919 Single phase 15,000 
Erstfeld-Biasca ......£6 miles (double volts, frequency 16% 
RAC) mete ayeunadie Beer 1920 As above, but fre- 
quency 16% 
LINES BEING ELECTRIFIED 
Time 
2 work will Kind 
Lines Length of line be finished of power used 
Biasca-Bellinzona.....12.5 miles (double 
tracle) Mea states si5 558 Apr., 1921 Single phase 15,000 
: : volts, frequency 16% 
Bellinzona-Chiasso ...34 miles. (double 
LEACIC) Se ere tees End, 1921 As above 
Erstfeld-Lucerne ....37.3 miles (partly 
; deuble track)....+Apr., 1922 As above 
Goldau-Zug 2.26. 6006 12 miles (single 
EFACK)) — Korjencieie erence Dis) L922 As above 
Lucerne-Zug-Zuerich..28.3 miles (partly 
é doublestrack) iis. Fnd, 1922 As above 
Sitten-Lausanne .....60 miles (double 
track) reel. LOS. As above 


Wireless Telephony in Great Britain ——The first in- 
stallation of wireless telephony for commercial pur- 
poses in the United Kingdom was put into operation 
at Liverpool recently between the head offices of the 
Mersey Docks and Harbor Board and the Mersey Bar 
lightship, 12 miles away. 


RAILWAY ELECTRICAL ENGINEER 


227 


New York, Westchester & Boston 
Extends Line 


ue New York, Westchester & Boston Railway, a 
suburban electrified line running northward out of 
New York City, has recently extended its line 1.78 miles 
from New Rochelle, N. Y., which was originally the end 
of the line, to Larchmont, N. Y. 

The extension consists of two tracks, one for north- 
bound traffic and one for southbound traffic, which parallel 
four tracks of the New York, New Haven & Hartford 
road, of which the Westchester is a subsidiary. The over- 
head bridges which support the catenary construction for 
the New Haven were originally designed to span six 
tracks, and since the New Haven uses but four tracks at 


Lis 


$ 


Top—Multiple Unit Train at Pine Brook Station. Center—A 
Southbound Train on the New York, New Haven & Hartford Rail- 
road. The Two Tracks at the Left are Those of the Westchester 
Line. Bottom—N. Y., W. & B. Station at Chatsworth Ave., Larch- 
mont, N.Y. - 


this point, no additional expense was incurred in con- 
structing the support for the Westchester catenary. The 
catenary design used on the Westchester consists of a 
catenary messenger wire which in turn supports the aux- 
iliary messenger wire parallel to and a few inches above 
the contact wire. This construction differs from that 
used on the New Haven line, as the latter construction 
consists of a triangular arrangement of three messenger 
wires. 

Two new stations have been constructed on the new 
extension, one of these at Pine Brook, in the New Rochelle 
zone, and the second at the end of the line, which is at 
Chatsworth avenue, Larchmont. Both of these struc- 
tures are built of wood and are considered as temporary 
only, riot being up to the standard of the other stations 
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on the line, which have been constructed of concrete. 

As is the case with all of the previously constructed 
line, the new extension has rock ballasted track and com- 
pares with first-class steam railroad construction in every 
respect. 

The most serious drawback which the Westchester road 
has to contend with is the fact that its stations in New 
York City are located so far from the business center of 
the town, the nearest downtown station being at 129th 
street. The road runs through a most delightful resi- 
dential section and while it has experienced not a few 
financial difficulties, there is reason to believe that it will 
ultimately carry a sufficient number of passengers to 
justify its construction. At the present time there are 
119 trains a day operated between New Rochelle and 
Larchmont, and during the month of April the approxi- 
mate number of passengers carried was 51,797. 


Scientifically Designed Glass Reflectors 


HE subject of electric headlights for locomotives is 
one which has been receiving a large share of atten- 
tion from the electrical engineers. Practically all locomo- 
tives in the United States today are equipped with elec- 
tric headlights, some of one manufacturer’s make and 
some of another. Inasmuch as the turbo-generator end 
of the equipment is the moving part, it is perhaps only 
natural that a great deal of attention is centred on this 
particular feature. Nevertheless, the generator is nothing 
more than a means to an end. It is the source of power 
for the lighting. Unless this power is properly used 
and directed, it is evident that a considerable portion of 
it will be wasted. Therefore, in any consideration of 
the headlight proper, too much emphasis cannot be placed 
upon the care that headlight reflectors should receive in 
the process of their construction. 
There are two types of headlight reflectors in use today. 
One of these, the silver-plated copper reflector, requires 
constant care, which results in high maintenance charges. 
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The other type is the glass reflector which, from its very 
nature, allows o1 greater ease in cleaning. 

It cannot be denied that in some minds there is a more 
or less unfounded prejudice against glass reflectors, but 
it is the greatest kind of a mistake to place all glass 
retlectors in the same class. Glass reflectors of superior 
worth, like all other commercial products of especial 
merit, have been grossly imitated. The results obtained 
from such imitations have been so inferior and so alto- 
gether unsatisfactory that there has been a tendency to 
attach the stigma of ill repute to all kinds of glass re- 
flectors regardless of their merit. 

When such conditions prevail, there is nothing more 
natural than that reputable manufacturers, who have 
spent years in the study of perfecting high grade ground 
glass reflectors, should take some means of pointing out 
the wide gulf which exists between the mathematically 
and scientifically designed reflector and the cheap’ imita- 
tion, or substitute, which is inferior in every respect. 

In order that those who are interested in this subject 
may be supplied with specific information concerning the 
manufacture of glass headlight reflectors for locomotive 
service, the engineering laboratory of the Electric Service 
Supplies Company, makers of the “Golden Glow” re- 
flectors, has prepared a comprehensive report which 
embodies a full description of the scientifically exact 
refinements which are absolutely necessary in the con- 
struction of satisfactory glass reflectors for headlight ser- 
vice. The report is brimful of interesting facts in connec- 
tion with glass reflectors, and is well worth reading by any 
electrical engineer having the supervision of headlight 
equipment. 


Railway Electrification in Germany.—A European 
correspondent of the Electrical World writes that the 
Ministry of Communications has just made the first 
appropriation of 40,000,000 marks for the electrifica- 
tion of the railway line from Munich to Regensburg, 
one of the principal lines in Bavaria. 


Malleco Viaduct on the Central Spur, South of Concepcion, Chile 


Principles of Car Lighting By Electricity 


A Course of Practical Lessons Explaining the Main 
Details of This Important Application 


By Charles W. T. Stuart 


XI. — Transmission of the Axle Generator 


HE history of car lighting by electricity reveals many 

experiments in an effort to obtain a drive that is both 

practical and economical for an axle generator. The 
gear, chain and flexible shaft drives have been tested 
but none of these have been able-to cope with the exist- 
ing conditions like the belt drive. It is true that many 
generators are driven by gears, chains, and flexible shafts 
in applications other than car lighting, but when a study 
is made of the method of suspending an axle generator, 
the lost motion in the running gear of cars, aie the track 
and weather conditions_under which a transmission in 
this service might operate, you will find a problem which 
is by no means an easy one to solve. 

The belt drive is, no doubt, the most practical, but by 
no means the most economical to maintain. It is this 
high operating cost that keeps the problem of economical 
transmission constantly before the car lighting engineer. 


Belt Drive 


The belt drive consists of a belt equipped with a suita- 
ble fastener and two pulleys. One pulley, known as the 
axle pulley, is fixed to the axle, while the other, a gen- 
erator pulley, is fixed to the armature shaft. 

There are two classes of belting in general use—class 
1, for free speed generators, and class 2, for controlled 
speed generators. The Balata or rubber belting is used 
with variable or free speed generators, that is, the gen- 
erators that are regulated by an electrical regulator and 
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Fig. 1—Crescent Belt Fasteners Riveted Over the Joint of a 
Generator Belt 


when belt slipping is avoided as far as possible. The 
Balata-Aragoma belting is used with the constant speed 
generators, that is, generators that are regulated by 
maintaining a constant speed through the slipping of the 
belt. 

The belting is used in various widths and thickness 
according to the size of the pulleys and the power they 
are to transmit. The length of the belts vary also with 


the length of the drive, but average 10 ft. for truck sus-. 


pended types and 15 ft. for body suspended types. 

A Balata or rubber belt is a good belt for use with 
free speed generators, but will not stand up so well with 
the slipping belt type. 


The Balata-Aragoma belt will stand the slip and is a 
good belt for use with the controlled speed types. 


Pulleys 


Axle pulleys are made of pressed. steel and in two 
halves. They are fixed to the axle over a corrugated 
steel bushing. The bushing is held in place by four bolts, 
and likewise four bolts hold the axle pulley to the bush- 
ing. The bore of the bushing is straight or tapered, 
according to the size and shape of the axle at the point of 
application. The outside diameter of all bushings, how- 
ever, 1s made standard so as to, fit the bore of the ‘axle 
pulley. 

The generator pulley is much smaller than the axle 
pulley and bored to fit over the end of the armature 
shaft. On a truck suspension the axle and generator 
pulleys ride with their centers in line, both on straight 
and curved tracks, therefore a generator pulley with 
straight flanges, and an axle pulley with straight or no 
flanges is used. The end of the armature shaft is 
threaded to accommodate a nut for holding the generator 
pulley in place. Armature pulleys are made of pressed 
steel, cast steel, malleable iron, cast iron and various 
composite structures, but cast iron is the most generally 
used. Pulleys for body hung machines are equipped 
with special flanges. 

The generator pulley is crowned and equipped with 
flanges—straight flanges for truck suspended generators 
and tapered flanges for body hung generators. 


Belt Fasteners 


There are four different types of belt clamps in gen- 
eral use, Crescent, Jackson, Alligator and Walker. 

The Crescent belt fastener consists of one or more thin: 
steel plates which are held in place by copper rivets. The 
rivets are made long enough to allow for the thickness 
of the belt, thickness of plate and for proper clinch. In 
applying Crescent fasteners the ends of the belt are 
squared and the plates placed in position and attached 
with rivets, as shown in Fig. 1. The rivets are applied 
by the use of a rivet holder and hammer, and are clinched 
so that the prongs spread across the belt, as shown in 


Fig. 1: The size of the clamp and rivets varies with the 
size of the belt as follows: 
Rivets, 

Belt Size Fasteners Large Shank 

AeA nity take te No. 65 1214" 

ASO S Dl Vakomeeieos aici choke ttece Oo 12 9/16” 

SCAM Dl yetemeontsee st scaisis oie ere Sie O7, 16%” 

BMS ip lycy ake he ds Chas ts ie 87, 169/16” 


This clamp is used with belts on truck suspended gen- 
erators that have a small truck clearance. 

The Alligator belt fastener, Fig. 2, is clinched: to the 
ends of the belt by a double row of teeth and is con- 
nected by the use of two steel pins, forming a hinged ~ 
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joint. In applying the Alligator belt fastener, the ends of 
the belt are cut square and the lacing is held over a 
gage pin and clinched to the end of the belt with a ham- 
mer, as shown in Fig. 2. 

The following sizes are used with the various size belts. 


Belt Size Size of Fastener 
4! A oply ciate es INGea 35 
ANS -plycniy ca tecteree eae Lae ee 5 
BY Aap ly nee ee oe Geren aes eee 
55 Dl yuo s ta er eee Saeed 5 


The Alligator is a good clamp for belts with truck 
suspended generators as it requires but little belt clear- 
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Fig. 2—Applying Alligator Belt Fastener 
ance. It has an advantage, too, in fact that a belt 


equipped with this type of clamp can be applied and re- 
moved in a short space of time. 

The Jackson belt fastener consists of three metal straps 
and a canvas liner or safe. In applying the Jackson 
belt fastener the ends of the belt are squared and butted 
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Fig. 3—Details of the Jackson Belt Fastener 


together and then the safe and strap are bolted in place 
as shown in Fig. 3. The Jackson belt fastener may be 
used with belts on both body and truck suspended gen- 
erators if there is sufficient belt clearance. 

Walker belt fasteners consist of two metal plates, 
two links and two hinge pins. In applying this fastener, 
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the ends of the belt are squared, then a line is drawn 
square across the belt 1 inch from each end. On these 
lines holes are punched for the fasteners. Fig. 4 shows 
the arrangement of this fastener. The size of the Walker 


fastener varies with the size of the belt as follows: 


Belt Size Fastener 
Ae 4p bye eee ee No. 21821 
4S lye seas ee ee ee Sees 
Sra” Dl yates ace eee PDAS 
5”-5. ply te. aa on ee ee eZ 256 


The Walker is a good fastener for belts with body 
hung generators. The pulleys are out of line when the 
car rounds curves, and causes the belt to ride the pulley 
flanges. This requires a fastener that will allow the belt 
to be flexible and bend under the clamp in this action. 


Belt Tension 


The belt tension on a controlled speed generator is 
set so that the belt will slip at a predetermined speed. 
The belt tension on a truck suspension is adjusted so 
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2 Thus Per Belt C.R.S. 
Fig. 4—Details of the Walker Belt Fastener 


that the belt will not slip because slipping in this case 
would cause the regulator to pump and flicker the lights. 


Generator Suspensions 


Generator suspensions, of which there are many types 
are all provided with some means of applying the proper 
tension to the belt. These suspensions, although they 
vary extremely in design, may be divided into two gen- 
eral classes, body type and truck type. . That is, every 
generator suspended from the truck, whether it be a two 
point, four point or rigid suspension, is a truck suspended 
generator. Likewise a generator suspended from the car 
body regardless of the design of the suspension is a body 
suspended generator. 

The following is a description of a truck suspension 
which is given in an effort to bring out a few points 
in comparison between truck and body suspension on a 
belt tension and belt life. 

Truck Suspension—The truck suspension, Figs. 5 ang 
6, consists of a frame carried on two bars which are sup- 
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ported by the truck. It will be seen that the generator 
is provided with four lugs C. These lugs are drilled for 
two supporting shafts D, which pass through the lugs 
and through solid links 4, the links being as long as the 
distance between the lugs. The lower end of each link 4 
is supported by a shaft which passes through the link 
and supporting frame B. No wear can occur on the 


Fig. 5—End View of Truck Suspension Showing Pulley and Belt 


generator lugs or on the supporting frame B, since ‘the 
shafts are locked and cannot turn in the lugs or support- 
ing frame; the turning motion being confined to the 
bushings in links A on the shafts. 

This arrangement provides a parallel suspension with 
the points of support below the generator. A very im- 
portant feature of this type of suspension is that it 
maintains constant belt tension, even when the belt 
stretches six inches. A tension spring bracket is bolted 
to the supporting frame and the tension rod F is secured 


Fig. 6—Diagrammatic View of Truck Suspension 


to the end of the shaft D with a tension spring E held 
at a proper predetermined tension by the nut G. Ex- 
cessive belt strains, which are sometimes considered nec- 
essary to prevent the belt slipping when the tension 
decreases due to the belt stretching, are eliminated by. 
this design. The nut G cannot be screwed beyond a pre- 
determined position on the rod F, which limits the amount 
of tension an operator or inspector can apply. When the 
links 4 are in a vertical position the belt tension is due 
only to the pull of the spring E. If the belt is of such 
a length that the links are inclined away from the truck, 
a part of the weight of the generator is added to the 
belt tension, the amount depending upon the distance 
the generator is off the vertical. In moving the dis- 
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tance the tension spring is somewhat released and gives 
less pull. The design is such that the loss of tension in the 
spring is equal to the additional tension due to the gen- 
erator weight, and the total tension on the belt remains 
constant. If the links are inclined toward the truck, the 
weight of the generator is subtracted from the increased 
spring tension, and the belt tension is still maintained 
constant. All parts of the suspension subject to wear 
are lubricated—grease pockets with felt retaining washers 
being provided for all such parts. 

The arrangement for lining up the generator with the 


Fig. 7—Position of Dynamo When Distance Between Axle Pulley 
and the Suspension is Shortened 


car axle is simple and easily operated. The supporting 
frame B, Fig. 6, is secured to the suspension irons by 
six bolts H. The center bolt on the front side, or side 
farthest away from the truck, passes through a round 
hole in both the supporting frame and suspension iron. 
The holes in the supporting frame for the other five 
bolts are slotted so that the whole frame B can be 
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Fig. 8—Position of Dynamo When Distance Between Axle Pulley 
and the Suspension is Lengthened : 


swung around the center bolt. To line up the generator, 
it is only necessary to loosen all the bolts, line up the 
machine by means of the two adjusting bolts J, and lock 
it securely in position by means of the bolts H. 
Inspection of the dynamo or removal of pulley, arma- 
ture or heads, whenever necessary, is facilitated by 
the absence of long supporting bars giving clear 
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space around the generator as will be noted 
by referring to Fig. 5. In this illustration, it can be 


also noted that one side of the suspension is supported 
by a cross member fastened to side irons extending from 
the truck ends, while the other side is held by a bracket 
bolted directly to the end sill. This is a good arrange- 
ment, since the weight of the generator is distributed 
between the truck and side irons instead of having all the 
weight of the generator carried by the side irons. 

Body Suspension—A generator with a body type 
suspension is shown ‘in Figs. 7, 8 and 9. Cast on the 
generator frame are the carrying lugs A, which are 
piv oted to the supporting lugs B on the suspension cast- 
ing by the suspension bar el The suspension casting is 
to be bolted to a suitable plate secured to the car body. 

Belt tension is maintained by the weight of the gen- 
erator and by the tension spring D, which engages at 
one end with a lug 4 on the generator frame and at the 
other end with the bracket F, fastened to the suspension 
casting. The parts are so designed that the sum of 
these two varying factors is constant. 

When the generator is hanging so that its center of 
gravity is directly under the supporting bar C, as in Fig. 
7, the weight adds nothing to the belt tension, but the 
spring D has its greatest effect, since the leverage on 
which the spring acts (the distance between C and X) 
is greatest. If the generator is swung, as in Fig. 8, the 
weight of the generator is giving tension, but the pull 
of the spring is decreased as the leverage CX is short- 
ened; the sum of the two tensions being the same as in 


Fig. 9—Body Hung Generator 


the first position. Ample latitude is provided between 
the two extreme positions of the generator, Fig. 7 and 
Fig. 8, to take care of belt stretch and the variation in 
distance between the dynamo and axle when the car 
1s on a curved track. 

The tension spring, Fig. 10, is assembled on a carrier, 
under the proper tension, so that to apply it to the sus- 
pension, it is only necessary to slip the pin secured to the 
lugs A through the hole G, and another pin through the 
hole H, and corresponding holes in the suspension bracket 
F. This gives ease of application and < assures the con- 
stant tension. 

~The arrangement for lining the generator with the 
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car axle is simple. The hole in one of the lugs B, Fig. 9) 
for the supporting bar C is slotted and the position of 
the bar can be adjusted and locked by means of the 
bolts J. 

Fig. 9 shows the generator and suspension applied to a 
steel car and shows one simple method of attaching the 
suspension to the car, the clearance under the generator 
and its accessibility. This arrangement maintains the 
proper belt tension at all times and under all conditions 
and no adjustment of this belt tension device is required 
to maintain its proper operation, 

The changing angle between the car and truck with 
this type of equipment as well as the variable distance 


Fig. 10—Tension Spring Assembled on Carrier 


between the centers of the car axle and the generator 
shaft caused by the car rounding curves, are adequately 
taken care of by maintaining constant belt tension with 
any position of the generator. This prevents excessive 
belt tension when the distance between centers is length- 
ened and eliminates belt slipping when the distance be- 
tween the centers shortens. . 


Comparison 


In striking a comparison between the truck and body 
suspensions, there are many things to be taken into 
consideration. Those who have studied the use of axle 
driven generators for car lighting, appreciate that the 
application of the generator to the car truck presents 
many problems, and that these problems are increasingly 
difficult to solve with the advance in design of steel trucks 
and car bodies. The deep center sill, almost universally 
used on new cars, has limited the space available for 
the application of the generator to such an extent that 
it is difficult to obtain proper clearance for the belt and 
generator, and frequently the generator is placed so near 
the track that ice and snow seriously interfere with its 
proper operation. 

The rigidity of steel trucks cause wear of all moving 
parts of the generator and its suspension. The main- 
tenance of these parts of car lighting equipment is be- 
coming an important item in operating costs. Car de- 
signers would gladly welcome the removal of the weight 
of the generator, and generator suspension from the 
car frock and would be glad to be relieved of the many 
other problems arising from truck suspended generators. 
These problems are directly responsible for the change 
of late years from truck to body suspensions. 

A comparison between the body and Bare suspension 
is very distinct in Fig. 11. 

The body suspension has the advantage in that it re- 
moves the entire weight from the car truck. Of course, 
it is obvious that transferring the entire weight to the 
car underframe does not remove the entire weight from~ 
the truck, but’ distributes and absorbs it properly through — 
the bolster springs. It removes the overbalancing weight 
from the car axle carrying the generator and suspension. ~ 
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Fig. 11 shows the truck suspended generator very close 
to the road bed, where it is frequently hit by flying bal- 
last and collects snow and ice. The body suspended 
generator here shown is so high above the track as to be 
out of all danger from snow and ice, and is also out of 
range of the dripping condensation from the traps on 
steam heating systems: It can be also noted that the 
belt clearance is increased in the body suspended genera- 
tor. This increased clearance is between the belt and 
end sill or brake rigging. It is also a well known fact 
among maintainers that a body suspended generator can 
be renewed or applied to a car with much more ease than 
with the truck type. cae J 


Life of a Generator Belt 


The life of a generator belt is governed by a num- 
ber of factors, a few of which are track and weather 
conditions ; size of pulleys, alignment of pulleys, and lost 
motion in running gear of cars. 
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Alignment of Pulleys—The proper alignment of 
pulleys is a big factor in the performance of the belt, 
This holds good on both truck and body suspended ma- 
chines. If the pulleys are out of line the result ‘will be 
as follows: 

1. Belt will ride over flange, become entangled with 
brake rigging and lost. 

2. Belt will ride hard against pulley flanges and ravel 
along the edge, break back of fasteners and be lost. 

3. Belt will ride flanges and slip back lengthwise to 
the face of the pulleys causing unnecessary wear and tear. 
on the belt fibres. 

Lost Motion of Running Gears of Cars.—There is a 
certain amount of play between the various bearings and 
parts of the truck, and also in the movable parts of the 
generator suspension. This play will increase with the 
length of the service rendered by the car and in time, if 
not checked, will have a serious effect upon the life of 
the belt. The excess play will throw the pulleys out of 


Moving Parts of 
Suspension 


ze | 
Moving Parts of 
Suspension 


yclop of Rail 


Fig 11—A Graphical Comparison of Size, Simplicity and Clearances Between Body and Truck Suspended Equipments 


Track and Weather Conditions —Track and weather 
conditions have a serious effect upon the life of the belt. 
Slipping of the belt is very often caused by the following : 


1. Water sprayed from track tanks. 
-2. Steam escaping from steam drips. 
3. Rain and snow: 


4. Cinders and gravel embedded in the surface of the 


belt. 


_ 9. The action of hot.and cold weather upon the com- 
position of the belt. 


-Therefore, whenever the conditions cause the belt to 
slip, the heat generated by the friction of the belt on 
the pulleys injures the’ belt. 


_ Size of Pulleys—The smaller the diameter of the 
pulley, the less the area of belt contact, and the smaller 
the belt contact the greater will be the tension to transmit 
the same power. Also, the smaller the pulley the sharper 
the bend in the belt, and the sharper the bend, the greater 
the stress upon the fibre of the belt. Therefore the size 


of the pulleys has a decided bearing upon the life of the 
belt. 


line, the result of which has been given above. It will 
also vary the belt tension as the play is taken up and 
released. by the action of the brakes. If this action re- 
leases the tension the belt will sag and strike the brake 
rigging and end rail, and if it increases the tension it is 
apt to snap the belt or break the fasteners, 


Meintenance 


. “Considering the fact that a 15 ft. belt is worth ap- 


proximately eight dollars, and a belt fastener is only 
worth fifty cents, it pays to examine the belt fasteners 
regularly and renew them when they are found to be 
defective. 

Also it has been stated that the required tension de- 
pends upon the area of contact surface on the pulleys. 
Therefore, if the belt fastener is not applied at right 
angles to the edge of the belt, the point of contact will 
be at one end of the clamp and likewise the tension, 
instead of being distributed evenly along the clamp, will 
be centered at one end. Then as the tension is increased 
to compensate for the small area of contact the clamp 
will give way at one end and when this occurs, the belt 
will ride the pulley flanges and be lost. Therefore, it 
is of greatest importance that the ends of a belt are cut 
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square with its length and also that the fasteners are 
applied square with its length. 


- Calculating Speed of Axle Generators 


In calculating the cutting in and minimum full load 
speed of an axle generator there are four things that 
must be considered, namely— 

1. Diameter of car wheel. 

2. Diameter of axle pulley. 

3. Diameter of armature pulley. 

4. Cutting in and minimum full load speed of the arm- 
ature in oregaimn: 

The cutting in and minimum full load speed of the 
armature varies with each type of equipment, and is easily 
obtained by applying to the manufacturer. 

The following is one way to find the speed of the 
car in miles per hour, when the automatic switch closes. 


33" Wheels 


36" Wheels 
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and this value can be changed to m. p.h. by dividing by 
5,280. 

For example, let us figure the train speed when the 
automatic switch closes (34 volts) on the following 
equipment : 

Equipment—Type F2 Safety. 

Cutting in speed of armature—250 r. p. m. 

Size of axle pulley—18 inches. 

Size of armature pulley—8 inches. 

Size of car wheel—36 inches. 

Pitsi@srepy 

Pulley ratio is 18/8 or 2%. 

Circumference of 36 inch wheel is 9.425 feet. 

R.p.m. of armature—pulley ratio=r.p.m. of car 
wheel. 

250—2%=111.1. 

R. p.m. of car wheel x 60 min.—=r. p.h. of car wheem 
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Fig. 12—Transmission Graph Which May 


Knowing the r. p.m. of the armature when the auto- 
matic switch closes, divide it by the pulley ratio, that is, 
the ratio of the diameter of the axle pulley to the diameter 
of the armature pulley, and the result will be the speed 
of the axle pulley in r. p.m. when the auto switch closes. 
This value will also be the speed of the car wheel in 
r. p.m. because the axle pulley is bolted to the axle and 
rotates the same number of revolutions as the car wheel. 
Now, there are 60 minutes in one hour, therefore, multi- 
ply this value by 60 and the result obtained will be the 
speed of the wheel in r. p. h. when the automatic switch 
closes. 

Next, multiply this value by the circumference of the 
car wheel in feet and the result will be the speed of the 
car in feet per hour. There are 5,280 feet in one mile, 


45 
(ee 


50 
25 


5) 60 05 70 7§ 


Speed of Train, Miles Per Hour 


80 


Be Used to Determine Cutting in Speed 


111.1 x 606,660. 

R. p.h. of car wheel x circumference of car wheel= 
speed of car in feet per hour. 

6,666 x 9.425==62,827. 

5,280 ft. per mile. 

62,827—5,280—=11.9 or approximately 12, which is the 
speed of car in m. p.h. when automatic switch closes. — 

There is a much quicker method of figuring this, but 
more advanced. The easiest way of all is to refer to the 
transmission graph, Fig. 12. We figured above the 
cutting in speed to be 12 miles per hour. Now, if the 
cutting in speed of the armature were just double, or 500 
r.p.m., the same car would be traveling just twice as 
fast, or 24 miles per hour when the generator cut in. Let 
us check this by referring to the transmission graph. 
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Find the 500 r. p.m. line in the 36 in. wheel column and 
follow this line to the intersection of the pulley ratio which 
is 2.25 and then downward. In the speed of train in 
miles per hour column, we find 24, which shows our 
calculation to be correct. 


Relative Costs of Gas and Electric Car 
Lighting 


CONOMIC factors are not always the principal con- 
sideration in the selection of apparatus. Particu- 
larly is this true in railroad work where it is neces- 
sary to consider the safety and comfort of passengers. 
In the past many railroads decided to adopt electric light- 
ing in spite of the higher initial cost of installation. The 
hazard due to the presence of gas tanks in the case of 
a wreck had its influence in their making this adoption, 
although this hazard is admittedly a minor one. Of 
greater importance are the ever increasing demands of 
the passengers, who now expect the lighting in railway 
coaches to be as good as they have in their own homes. 
Iefforts have been made from time to time to increase 
the quantity of light in the coaches. The introduction 
of the incandescent mantle allowed the use of gas to be 
continued for a certain length of time and not until the 
introduction of the metallic filament lamp was it possible 
for electricity to compete profitably with gas once more. 
The type C lamp now makes it possible, owing to its 
low power consumption, to obtain electric lighting with 
a lower operating cost than is possible with gas. 

Comparisons between the cost of each type of lighting 
have often been made before, but such comparisons can 
only be reliable if they are supported by exact figures 
taken from the working statistics of the large railroad 
companies. It is moreover necessary that such compari- 
sons should apply to the same type of coach, running 
under the same conditions and with the same quantity 
of light, and that each part of the whole expense in- 
curred should be determined with the greatest possible 
care. Dr. Max Jakob of Baden, Switzerland, went to 
work in this way in 1914, and while reserving judgment 
on some of the results obtained by him, his general 
methods are adopted in the following: 

The tests cover a distance of 62,000 miles at an average 
speed of 31 miles an hour. An allowance of 20 per cent, 
or 400 hours, is made to take into account stops at stations 
and termini. It is assumed that the coach is lighted dur- 
ing half of the total time, or 1,200 hours. A period of 
ten hours is also allowed as reserve lighting in the case 
of lighting with a dynamo and from 20 to 24 hours in 
the case of lighting with gas. 


Cost of Installation 


In each case the estimate of expense has been made in 
the following manner: In the case of gas the whole 
installation has been taken into account, as represented 
by the gas works with the necessary machinery for the 
manufacture of gas, the filling stations, the compression 
plant, the accumulator wagons required on account of the 
consumption of gas provided for the whole of the ground 
under consideration and the cost of fitting up the gas 
lighted coaches. All of these expenses have been calcu- 
lated for one coach. 


*A translation from Tes Chemin de Fer et les Tramways. 
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As regards electric lighting, the expense per coach 
has been calculated in the same way. Straight storage 
systems are not included in the comparisons as their use 
has been practically abandoned and is more expensive 
than gas lighting. In both cases a rate of interest of 
334 per cent has been taken which was the prevailing 
rate before the war. 


Division of Costs 


Total costs may be divided into interest and deprecia- 
tion, upkeep and repairs including material and labor, 
cost of production of light and cost of coal to haul the 
extra weight of the equipment. Maintenance costs in- 
clude general upkeep and repairs, cleaning, replacement 
of mantles in the case of gas, upkeep of the batteries and 
replacements of lamps and belts in the case of electricity, 
ete 

To arrive at the cost of production of light, a fixed 
price for gas was assumed as $3 per thousand cu. ft. 
Power required for electric lighting was translated into 
additional coal burned on the locomotive and the efficiency 
of the locomotive was considered to be 2.2 lb. of coal 
per horse-power hour. The weight of the apparatus was 
also taken into account and considered as 2,650 lb. in 
both cases. Knowing, therefore, the weight of the equip- 
ment, it was possible to calculate exactly the cost of 
haulage in each case. For this purpose, the figure of 
13% lb. per ton was accepted as the average coefficient 
of traction. The initial cost of the gas lighting installa- 
tion is $463, while the cost of electrical installation, Brown 
Boveri system, is $455. Depreciation in the case of the 
electric lighting equipment is considered as 3.85 per cent 
per year, while depreciation of the gas lighting equipment 
is considered as 2.85 per cent per year. The cost of upkeep, 
which reaches an average of $24.70 per car per year 
in the case of gas, is only $18.35 in the case of electricity. 
The cost of production of the light amounts to $33.55 for 
gas and $11.40 for electricity. The cost of coal required 
to haul the extra weight is almost equal in each case and 
varies between $14 and $15. 

The total average cost for gas lighting is $93.15, while 
the total average annual cost per car for electric lighting 
is $79.10. These costs are itemized in the table. 


CoMPpaRATIVE Costs oF Gas AND Exectric Licghtinc Per YEAR Per One Car 


Gas lighting Electric lighting 


Interest and. demreciatiOmine. «csc ese se ate $30.40 $34.85 
IM aintén anicemmecdcrotisree crits ccctoiercisrsrsrtontntato, ie aie 24.70 18235 
Cost of production! Gf Wohtsr ccs e ocle BSNS) 11.40 
Cost of coal te haul the extra weight...... 14.50 14.50 

Notalacost per year Per “Cafe wae «cee $93215 $79.10 


Conclusions 


It may be said in a general way that the interest and 
depreciation costs of gas lighting are the lesser, but that 
the maintenance costs and cost of producing the light 
are less for the electric system. In view of the amount 
of the difference it would seem safe to say that good gas 
installations already existing should not be replaced except 
in a few special cases, and that for equipping new cars, 
axle-generator equipment should be used, even if for 
purely financial reasons. If the absence of danger, possi- 
bility of better distribution of light and comfort are taken 
into account, the case in favor of electricity is, of course, 
strengthened. These conclusions, although based on pre- 
war figures, still have their full comparative value. 
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Progress in Wiring 


OME progress in inside wiring has been made during the 
last thirty years, but the progress has not been in 
keeping with that made in manufacture of apparatus 
and the generation of electricity, according to an opinion 
expressed by the wiring committee of the National Elec- 
tric Light Association in its annual report presented in 
Chicago on June 1. This, the committee states, is par- 
ticularly true in the United States, where the chief things 
that have been accomplished have consisted of the aban- 
donment of some of the old and more dangerous methods, 
and improvements in the average quality. 

The recommendations made and the opinions expressed 
by the committee are in substance as follows: “In 
grounded systems the neutral or grounded wire should 
be solid from the generator or transformer to the lamp 
except so far as regards switches that may be needed for 
testing purposes. There should be no fuse even on the 
grounded side of the two wire taps from three wire 
systems.” 

This should increase safety as well as reduce the cost 
of wiring by allowing the omission of fuses that are 
unnecessary and which introduce thereafter a distinct 
danger. There is a further possibility of saving by using 
less insulation on the grounded neutral wire, which will 
still leave the factor of safety far higher than the factor 
of safety now found satisfactory on the outer or potential 
wires. 

Another improvement in wiring can be made by the 
fitting of the size of the wire to the maximum load rather 
than to a theoretical manufacturer’s rating of the current 
using devices, a rating which is usually more than the 
actual maximum load carried by the wire, though in 
some cases it may be distinctly less. 

This recommended practice is in opposition to parts of 
the present national code and in opposition to the present 
practice of some inspectors, and the committee does not 
wish to put itself in a position of conflict either with the 
inspectors or with the committee that draws up the national 
code, believing that the inspectors and others all honestly 
desire to have the best conditions possible. The recom- 
mendation is made, therefore, that all interested should, 
in co-operation with inspectors, arrange to get the special 
approvals needed in order to have as many installations 
made as possible in accordance with the methods outlined 
above.. The results will be that in the course of time these 
better methods will become standard practice and will be 
submitted wherever conditions warrant. 


National Electrical Safety Code 


A third edition of the National Electrical Safety Code 
prepared by the Bureau of Standards, Department of 
Commerce, Washington, has been issued and is known as 
Handbook No. 3 of the Bureau of Standards. 

The National Electrical Safety Code has been devel- 
oped with the co-operation of representatives of all 
branches of the industry and the previous edition has be- 
come widely known as circular No. 54. This code con- 
sists of four main parts dealing respectively with (1) the 
installation and maintenance: of electrical supply stations 
and sub-stations; (2) the installation and maintenance of 
overhead and underground supply and signal lines; (3) 
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the installation and maintenance of utilization equipment ; 
(4) rules for the operation of equipment and lines; and_ 
supplementary sections which include rules for protective 
grounding of equipment and circuits. 

These rules have been adopted in whole or in part bys 


a number of state commissions and they constitute a rec- 


ognized standard for the prevention of accidents in the 
electrical industry. 


f 


The greatest changes made in the third edition of the 


code are in Part 2. The loading specification, upon 


which are based the requirements for strength of con- 
struction, has been simplified, and has been applied to 


signal lines crossing railways, for which arbitrary rules 
were formerly used. The rules have been rearranged 
in more convenient order, and an index has been added 
which greatly facilitates the location of rules on any given 
item. The sag tables have been extended to cover iron 
and steel conductors. 

The new edition of these rules is in pocket size and has 
been entirely separated from the discussion of the rules 
which accompanied them in the second edition. This 
discussion has been considerably amplified and will be 
published separately as handbook No. 4, which is now 
in press. This handbook will be valuable in interpreting 
the rules and in making their intent and their justification 
more plain to the reader. The discussion constitutes a 
companion volume to the code itself, which should be 
secured by all those who have occasion to use the rules. 
Copies of handbook No. 3 may be secured from the 
Superintendent of Documents, Government Printing 
Office, Washington, D. C. 


Photo from Keystcne View Co. Inc., N. Y. 


A Landslide on the Central Railway of Peru 


Standards to Determine the Strength of Welds 


Bureau of Welding Committee Presents Report Describing Details 


of Tests Designed to Ascertain the Integrity of Welded Joints 


HE desirability of having a satisfactory basis for the 
comparison and te’ting of the strength of welds is 
plainly obvious, and the recent report presented 

by the committee on Standard Tests for Welds to the 
American Bureau of Welding will be welcomed as a 
decidedly progressive step in the welding art. The 
situation is clearly outlined by C. A. Adams, director of 
the bureau, in a few introductory remarks, after which 
the committee report is given in full. 


To the Welding Industry 


We are submitting herewith specifications for Standard 
Tests of Welds. Standardization of the procedure in 
making a test of any kind is obviously necessary before 
results obtained by different observers can be compared. 

The chief difference between testing a specimen of 
steel that includes a welded joint and testing an ordinary 
specimen is the non-homogeneity of the welded speci- 
men. The welded specimen has its center, a section 
composed of material that usually has physical, chemical 
and metallurgical characteristics distinctly different from 
the adjoining metal. Furthermore, the section of the 
added metal is more or less irregular in shape and vari- 
able in size. Consequently, the procedure prescribed for 
testing of ordinary specimens is not applicable to speci- 
mens containing welded joints. 

Differences in details of procedure have caused stich 
widely divergent results that comparisons are frequently 
impossible, with the result that the usefulness of much 
of the research work on record 1s generally restricted, 
and in many cases the results are actually misleading. 

Although more thorough research work in this field 
may develop more satisfactory standards for tests of 
welds, the need for some immediate standards is so great 
that the universal use of the accompanying specifications 
is urged upon all those who have to do with the testing 
work in this field. Criticisms and suggestions are in- 
vited. The present standards will be valid for a period 
of one year, and at the end of this period they will be 
modified if it is found desirable. C. A. ADAMS, 


Director, American Bureau of Welding 


Report to the Bureau of Welding of the Committee on 
Standard Tests for Welds 


The committee held a meeting on February 3, 1921, at 
the Engineering Building, New York. After some dis- 
cussion of its two fields of activity, namely, preparation 
of standards for comparing welds and standardization of 
tests to be applied to welds in finished structures, it was 
concluded that (a) the Committee should first work on 
standards for comparing welds, and (b) the material 
prepared by a similar Committee under the Welding 
Research Committee of the Emergency Fleet Corpora- 
tion, which was the result of a great deal of work on the 
part of several men, should be utilized as fully as pos- 
sible. 


lhe We Ms in preparing the “Standards for Test- 
ing Welds,” which are transmitted herewith, proceeded 
on three assumptions as follows: 


1: The fundamental basis of measuring the effective- 


‘ness of a joint between two pieces of metal, is the same 


as metal without a joint. A joint is a necessary evil in a 
structure which is avoided when it is possible. There- 
fore, the value of a joint is best determined by comparing 
the characteristics of a section of the structure which 
includes the joint with those of a similar section which 
has no joint. In other words, a weld is a joint and the 
practical basis of evaluating a weld-is in terms of the 
metal of the parts joined together. 


2. Three standards are desirable, as follows: 


(a) Shop Standard. In the shop a standard test 
is required for such purposes as checking the work of 
a welder from time to time, testing a new lot of elec- 
trodes in electric welding or of welding wire in gas 
welding, testing the effect of some change in condi- 
tions which may have taken place, etc. Such a standard 
must necessarily be as simple as possible and prefer- 
ably a single test. The technique of the procedure in 
making the test must be of a simple character. 


(b) Commercial Standard. ‘There are many cases 
where more than one kind of test should be made, but 
where the circumstances do not justify a complete 
investigation. There is, therefore, a need for what 
might be termed a commercial standard for making, 
for example, comparisons between different commercial 
welding processes or between different kinds of ‘elec- 
trodes in electric metal-arc welding or different wires 
in gas welding. 

(c) Research Standard. When a complete investi- 
gation of a weld is to be made for research or other 
purposes, all tests and examinations are made which 
will contribute any information in regard to the char- 
acteristics of the weld. It may be necessary to make 
tests of a special character in special kinds of welds 
or where application under unusual conditions is con- 
templated, but there should be a standard list of tests 
which will give information which is complete as far 
as all ordinary requirements are concerned. 


3. The details of the procedure in making the various 
mechanical tests should be carefully prescribed. It is 
believed by the Committee that standardization in this 
respect is of the greatest importance, because compara- 
tively small differences in procedure have a marked in- 
fluence in certain mechanical tests and unless these are 
eliminated the results are not comparable. 

The Committee recommends that the proposed 
“Standards for Testing Welds” be adopted, at least 
tentatively, and be offered by the Bureau for general use. 
It may very well be that experiences will show the desir- 
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ability of making changes, but that can only be deter- 
mined after the standards are in use. 
Respectfully submitted. 
W. J. BecK. 
S. W. MILLER. 
R. E.. WAGNER. 
H. L. WHITTEMORE. 
F. M. Farmer, Chairman. 


Standards for Testing Welds 


Note—These specif.cations are intended primarily to serve as a standard, 
uniform basis for testing and comparing sample welds as distinguished from 
welds in structures. ‘The testing of the latter must necessarily be by non- 
destructive methods which would therefore be, in general, quite different 
from these employed in examining sample welds (test welds) made, for 
example, for the purpcse of testing a welder’s proficiency, comparing welding 
wires or comparing welding methods. 


I. Definitions 


The following are definitions of terms employed in 
this specification: 

(a) A Weld is a solid union of metallic pieces 
formed by uniting or consolidating by hammering or 
compressing with or without previous softening by 
heat. 


Note—This Gefinition is quoted frcm the Century dictionary. It is the 
broad definition of a weld and therefore includes forge welding and resist- 
ance welding by either the butt cr spot process. While these specifications 
are prepared specifically for fusion welds, it is obvious that some of the 
tests can be applied.to other types of welds. 

(b) <A fusion weld is a weld formed by heating to 
a fluid state the edges of the pieces to be joined and 
allowing the metals to flow together (with or without 
additional molten metal being supplied) without any 
pressure being applied. The heat may be supplied by 
a gas flame, an electric arc, thermit or otherwise. 

(c) In a fusion weld, the base metal is the material 
composing the pieces to be united by the weld. Unless 
otherwise expressly stated, it will be understood that a 
weld joins two pieces of identical material. 

(d) Ina fusion weld, the weld metal is the material 
which has been used in forming the weld. It may 
consist entirely of a base metal adjacent to the weld 
or of the material added to the fused base metal from 
a welding rod or electrode, or other material. 

(e) Filling metal is the metal added during the 
welding process to form part of the weld. In gas 
welding it is supplied by means of a welding rod, in 
carbon arc by a filling rod and in metal are welding by 
the electrode. 

(f) <A test weld refers to a sample of welding 
which has been performed under known conditions 
and upon which mechanical tests are to be made. 

(g) <A test specimen is a prepared piece on which 
a mechanical test is to be made. 


II. Shop Standard 
Bending test only. 


III. Commercial Standard 


(a) Bending test. 
(b) Tensile test. 
Note—It is probable that eventually it will be desirable to include a 


fatigue test when a method is standardized which will be suitable for com: 
mercial application. 


IV. Research Standard 


A. Tests of base or parent. metal.- 
1. Chemical analysis. To include carbon, man- 
ganese, silicon, phosphorus and sulphur. 
2. Mechanical Tests. 
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(a) Tensile. To include yield point, ultimate 
strength, total elongation and reduction of area. 
(b) Bending. 

(c) Fatigue. 
3. Metallographic. 
diameters. 
B. Test of weld. 
1. Mechanical tests. 
(a) Tensile. To include yield point, ultimate 
strength, total elongation and reduction of area. 
(b) Bending. 
(c) Fatigue. 
(d) Impact. 
2. Metallographic. Photomicrographs at 100 and 
500 diameters, respectively, at (a) the junction be- 
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tween the base metal and the filled-in metal, (b) the 
base metal adjacent to the junction, (c) the center of 
the filled-in metal. 


C. Tests of filled-in metal. 

1. Chemical analysis. To include carbon, man- 
ganese, silicon, phosphorus and sulphur. 

2. Mechanical tests. Standard round specimens. 
to be prepared from ingots deposited in a base-metal 
mould of such dimensions that normal cooling con- 
ditions will be approximated. : 

(a) Tensile. To include yield point, ultimate 
strength, total elongation and reduction of area. 

(b) Bending. 

(c) Fatigue. 

3. Metallographic. Photomicrographs at 100 and 
500 diameters, respectively. 


V. Standard Procedure for Mechanical Tests 
1. Preparation of Test Welds. 

No detailed instructions for the preparation of test 
welds can be given as the dimensions, material, etc., 
will depend upon the purpose for which the weld is 
being made. The test weld should, however, duplicate 
as nearly as practicable, the commercial welds which 
it represents and should preferably be of such a size 
as to permit preparation of enough specimens from 
the one test weld to make all of the mechanical tests 
which are to be made. 

When the test weld is made with material in sheet 
or plate form, the longest axis of the test specimen 
should, in general, be parallel to the direction of rolling. 
2. General Procedure. 

(a) Wherever applicable, the standard procedure 
of the American Society for Testing Materials as given 
im the A. S. T. M. for 1918° (serial designation 

1-18) shall be followed. 

(b) Three duplicate specimens shall be tested in 
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any one test and the average taken as the value of the 
property determined by this test. 
3. Tensile Tests, Base Metal. 


A. TEst SPECIMENS. 

(a) Sweet or PLate MATERIAL. The test specimen 
for sheet materials is shown in Fig. 1. The thickness 
of the specimen may be any that is desired, but a thick- 
ness exceeding 34 inch would require a testing machine 
in excess of 100,000 Ib. capacity. If the specimen is 
cut from standard sheet material, it is usually not 
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The gage lengths, Parallel Portions and Fillets shall be as shown, but 
the ends may be of any form which will fit the holders of the Testing Machine 


Fig. 2—Specimen Used in Testing Cast or Brittle Materials. 


necessary to machine the 1.5 inch faces of the speci- 
men. 

(b) Cast Mareriat. The test specimen for cast 
or brittle materials is indicated in Fig. 2.* It is par- 
ticularly important to use swivel specimen holders 
when testing such specimens in order to entirely elim- 
inate undesirable stresses. 


B. Test RESULTS TO BE RECORDED. 


(a) ULTIMATE STRENGTH. Unit stress (lb. per sq 
in.) computed from the area of the original section. 

(b) Yietp Point. Unit stress (lb. per sq.-in.) at 
which marked increase in deformation of the specimen 
occurs without increase of load das indicated by a 
sudden dropping of the beam of the testing machine 
or by a sudden increase of the rate of elongation as 
shown by dividers. 

(c) CONTRACTION OF AREA. 
of the original area. 

(d) AppEARANCE OF Fracture. The appearance of 
the fracture as determined with the aid of a low power 
magnifying glass (such as jewelers use) should be 
recorded. The characteristics described by the follow- 
ing nomenclature should be covered, indicating as far 
as possible the per cent of the total area which is 
involved. For example, “10 per cent not welded” 
would signify that approximately 10 per cent of the 
total area of cross section at the fracture is exposed 
base metal—that is, not welded. 

Spongy: Full of small cavities; the structure re- 
sembles that of a sponge; porous. 

Slag inclusions: Foreign matter entrapped in the 
weld. 

Gas pockets: Small or large cavities, more or 
less isolated (i.e., not of a regular spongy struc- 
ture). 

Not welded: Exposure of any portion of the sur- 
face of the base metal indicating imperfect fusion 
between the base metal and the filling metal. 

Laps: Imperfect fusion between adjacent portions 
or between successive layers of filling metal. 

(The recording of the following data is optional.) 


Expressed in per cent 


*The diameter of this, specimen may be 0.505 inch if desired. This 
diameter gives an area of exactly 0.200 square inch. 
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(e) ProportionaLity Limir. Unit stress (lb. per 
sq. in.) at which the deformation ceases to be directly 
proportional to the load. 

Any type of extensometer may be used, but in pre- 
cise work the deformations of two opposite elements 
of the specimen, preferably on the edges, should be 
obtained. For ordinary purposes deformations in only 
one element of the specimen need be measured, but in 
that case the gage marks should be on the centre of the 
line of the 1.5 inch side. 

The gage length may be either 2 or 8 inches. 

(f) Moputus or Exasticity. Unit stress (lb. per 
sq. in.) computed from data obtained from a speci- 
men having an 8-inch gage length; measurements to 
be taken on two opposite elements, one on each edge of 
the specimen. 

(g) Tora Eroncation. Gage marks shall be laid 
off every inch along a line at the centre of one of the 
1.5-inch faces of the specimen before placing in the 
testing machine and the total elongation in every inch 
alter rupture recorded. The total elongation in the 
l-inch, 2-inch and 8-inch (if any) length, which in- 
cluded the break shall be reported. 

4. Tensile tests, weld metal. 


A. Test SPECIMENS. 


The shape and dimensions of the test specimens are 
shown in Fig. 2. It shall be prepared from a bar of 
weld metal, 34 by 1 by 11 inches. This bar shall be 
formed entirely by depositing filling metal in an open 
box of the shape shown in Fig. 3, employing exactly 
the same method used in making the corresponding 
test weld. For metal electrodes this box shall consist 


Fig. 3—Box Used in Forming Bar Entirely of Filling Material. 


of a copper plate 14 inch thick, upon which is secured 
a frame of steel bars, 34 inch square. The parts of the 
box was secured in any convenient manner. The copper 
plate, during this operation shall rest upon a steel plate. 
After the bar is formed, the copper plate and the 
frame may be removed by any suitable machining 
operation. 

For gas welding, the copper plate should be re- 
placed by a steel plate. For thermit, a box of suitable 
refractory material should be used. 


B. Test RESULTS TO BE RECORDED. 


These shall be the same as those prescribed in Section 
V, 3-B (base metal) except those involving an 8-inch 
gage length. If, however, the modulus of elasticity 
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is desired, a. specimen similar to that shown in Fig. 2, 
with a gage length of 8.1n. shall be employed. 

5. Tensile Tests, Weld. 


A. Test SPECIMENS. 


The shape and dimensions of the test specimen are 
shown in lig. 1 with the weld at the centre. If the 
material is cast or brittle, the specimen shown in Fig. 2 
shall be used with the weld located at the centre. 

It is especially necessary that the 1.5-inch sides of 
the specimens be machined, particularly if the two 
pieces of base metal are offset or if they;form an angle 
at the weld. Tests made in the latter case, where the 
specimens are not machined, are not reliable. Further- 
more, care must be taken that specimens having the 
latter defects are not “straightened” before being 
machined, because such treatment is likely to mate- 
rially decrease the strength of the weld. A roughening 
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Fig. 4—Test Specimen of Round Cross Section. 


cut in a planer or shaper which will just “‘close up” 
the surfaces of the specimen is sufficient. 


B. TeEst RESULTS To BE RECORDED. 


The requirements for test results given in Section V, 
3-B (base metal) shall be followed. 
6. Bending Tests, Base Metal, Weld Metal and Weld. 


A. TeEst SPECIMENS. 


(a) Base MeraL AND Wetp. The shape and di- 
mensions of the specimen are shown in Fig. 5. 
In the case of welds in flat rolled material, the sur- 


Finish Weld flush with original 
plate surface 


Fig. 5—Specimen Used for Bending Test. 


face of the weld shall be machined substantially flush 
with the surface of the specimen unless the specimen 
is bent or offset, in which it shall be machined all over. 
Cast and other irregular specimens shall be machined 
all over. It is essential that the edges of all speci- 
mens be machined to remove material in a condition 
likely to cause premature failure. 

The thickness, t, of a weld specimen shall be as 
nearly that of the base metal as possible. 
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. (b). .Wetp Metar. -A. specimen may be prepared 
from a bar of weld metal prepared as prescribed for 
tensile tests. The box, Fig. 3, shall, however, have 
a width of 1.75 inches and the thickness, ¢, of the 
specimen shall be that of the test weld. These speci- 
mens shall be machined all over. 


B: . APPARATUS. 


In order to load the specimens so that as large a 
part of the bend as possible shall occur in the weld 


Ze 


Fig. 6a 


Fig. 6b 


Figs. 6a & 6b—Sketches Showing Side and End Views of Apparatus 
Used in Making the Bending Tests. 


metal, the special fixture outlined in Fig. 6a and 6b 
shall be used. It is most conveniently used with any 
standard universal testing machine, but may be oper- 
ated by any other convenient mechanical means. 

The cylindrical surface, D (Fig. 6a), about which 
the specimen is bent shall conform to the requirements 
of the American Society for Testing Materials for 
bending tests of the base metal.* This piece is attached 
to the under side of the moving head of the testing 
machine. Upon the platform shall be fastened two 


Fe keke 
KiKi 
Ree 

| 


Finish and polish all 
over except ends 


Ca Eomae 
k--3"or 3% be 3" or 55—>| 

' As Is 
came 

' ' 
Pee Giop 7H 
Fig. 7—Method of Preparing Specimens for Upton-Lewis Machine. 


blocks having machined top surfaces and_ polished 
corners of radius, R, of 1.00 inch. These blocks shall 
be separated by a distance, W, equal to D plus 2 T 
plus % inch. A lubricant of lard oil and graphite or 
similar compound shall be used on these surfaces. 

Two specimens shall be tested. The load shall be 
applied at the center of the weld—in one specimen to 
the open side of the “V” and in the other specimen to 
the closed side. 

The rate of application of the load shall not exceed — 
that at which the beam can be kept balanced at all 
times or a maximum of 2 inches per minute. 


*For ship-plate steel (58000-68000 Ib. per sq. in. tensile strength), it is 
“The test specimen shall bend cold through 180° without cracking on the 
outside of the bent portion, as follows: For material 34 in, or under 
in thickness around a pin the diameter of which is equal to the thickness 
of the specimen; for material over 34 in. to and including 1% in. in 
thickness, around a pin the diameter of which is equal to 1% times the 
thickness of the specimen; and for material over 1% in. in thickness, 
around a pin the diameter of which is equal to twice the thickness of the 
specimen, : : : 
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The angle through which the specimen is bent may 
be measured by any convenient method. The following 
. method is described as a matter of information. 

A piece of paper is held firmly against the edge of 
the specimen when it is in place on the testing fixture 
and a line drawn on the paper along a corner of the 
specimen, thus outlining the shape of the specimen so 
far as bending is concerned. A line is drawn before 
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Fig. 8—Specimen Prepared for Testing in the Farmer Machine. 


Fig. 9a—Type of Specimen Used in the Strohmenger Reverse . 
Torsional Machine. 


Fig. 9b—The Strohmenger Bending and Impact Machine Used 
Specimen with Weld Just Outside of Clamp. 


loading and after failure occurs. The change in the 
angle in the two lines as determined with a draftsman’s 
protractor is the angle through which the specimen 
had been bent at failure. See Fig. 14. 


C. Test RESULTS TO BE RECORDED. 


(a) The total angle through which the specimen 
has been bent when the first crack appears upon’ the 
convex surface (that is, the sum of the angles through 


Fig. 10—Type of Specimen Used in the White-Souther Machine. 


which the two halves were bent). To be measured 
without removing the load. 


Note—An electric light and mirror will assist in observing this surface 


‘as indicated in Fig. 6b. 


(b) The load on the specimen at which the first 
crack occurs. 
7. Fatigue Tests, Base Metal, Weld Metal and Weld. 

There is no generally accepted unit or standard of 
comparison for fatigue tests so that the results given 
by the several machines which have been developed for 
such tests are not directly comparable. It is not prac- 
ticable at the present time to recommend the use of 
any particular type of machine, and consequently test 
‘specimens are shown for all of the more common types. 

Although in general, the results of fatigue tests are 
<of maximum value only when compared with similar 
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results obtained on the same~machine, it is as- 
sumed that reference tests will be made on the base 
metal so that the results of tests on welds and weld 
metal can also be stated in terms of the results of 
tests of base metal. It is hoped that this will per- 
mit direct comparisons between tests made with 
different types of machines. 


AL. 


(a) GENERAL. For tests of weld metal it.will be 
necessary to form a suitable bar in a box similar to 
Fig. 3, and having the proper dimensions. 


MACHINES AND TEST SPECIMENS. 
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Fig. 11—Square and Round Specimens. 


Fatigue test specimens should in general be ma- 
chined all over (except the ends) and the surface 
carefully polished (preferably with the polishing marks 
parallel to the longest axis of the specimen). No. 1 
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Fig. 12—Square Specimen for Cylindrical Fillet. 


Manning emery cloth or paper or its equivalent will 
produce a satisfactory surface. 

Provided’ the specimens are prepared from a test 
weld or other material of greater thickness than the 
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Fig. 13—Threaded Specimen With Weld in Center. 


specimen, an equal amount shall be removed from 
both sides so that the specimen shall represent the ma- 
terial at the middle as indicated at a and b, Fig. 7. 

(b) Upton-Lewis Improvep MAcuine. This ma- 
chine puts a bending load on the specimen which is 
reversed during each revolution of the machine. Speci- 
men shown in Fig. 7. The distance between the jaws 
of the machine shall be % inch. If the specimen is a 
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weld specimen, the jaws shall be equidistant from the 
centre of the weld metal. 

(c) FarMerR Macuine. This machine was de- 
signed specially for testing weld specimens. It tests 
the specimen as a simple rotating beam with free sup- 
ports at the ends and two equal loads on a section at 
the middle. Specimen shown in Fig. 8. If the speci- 
men is a weld specimen, the weld metal shall be at the 
centre. 

(d) STROHMENGER REVERSE ToRSIONAL MACHINE. 
Comparative results only can be obtained, as there is 
no means of determining the stress. This machine 
loads the specimen in torsion, which is reversed for 
each revolution of the machine. Specimen shown in 
Pio a 

(e) STROHMENGER BENDING AND Impact Ma- 
CHINE, Comparative results only. The machine strikes 
the specimen, which is held as a cantilever beam, 
bends it and releases it. This operation is repeated 
upon the other side of the machine. The weld, if any, 
is placed just outside the clamp in such a position as 


Fig. 14—Arrangement for Recording the Angle Through which the 
Specimen is Bent Before Failure. 


to develop the maximum stress in the specimen. The 
specimen 1s shown in Fig. 9b. 

({) Moore Macuine. This machine was designed 
for the Bureau of Standards for testing large size 
specimens of joints, both welded and riveted. It loads 
the specimen as a simple beam at the third point and 
the direction of loading is reversed for each revolution 
of the machine. 

Specimens.—Any thickness not exceeding about 1 
inch, with 8 inches, length 32 inches. If the specimen 
is a weld specimen, the weld metal shall be at the 
middle of the length of the specimen. 

(g) Wuuite-SouTHER MacuINne. This machine 
loads each end of a rotating specimen as a cantilever 
beam. It is then rotated. The specimen is shown in 
Fig. 10. 

B. Test RESULTS TO BE RECORDED. 

(a) Number of cycles of the stress required to 

cause failure. A cycle is the period of time at the 
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end of which the repetition of the variations of stress 
is begun. 

(b) The stress developed in the specimen (if pos- 
sible). : 


Automatic Telephones for New York 
EFORE the end of this year New York City will probably 
have several new machine switching central offices. 
Che first exchanges to operate by the new method will be 
Pennsylvania, Academy and Walker. This type of me- 
chanical switchboard as adapted for use in New York 
city represents the results of years of investigation and 
improvement by engineers of the American Telephone and 
Telegraph Company. 
The introduction of the new service into New York 


city will of necessity occupy a number of years. Wher- 


ever practicable it will be installed in all new central offices 
or wherever wornout equipment makes replacement neces- 
sary. 

To make a call with the new machine switching tele- 
phones a subscriber lifts the receiver from the hook and 
a more or less mysterious mechanism at the central office 
gets into action, selects the subscriber’s line and auto- 
matically connects it with an idle sender. When this is 
done the subscriber will hear a low humming sound called 
a dial tone, which indicates that the line is not busy and 
that the apparatus is ready to receive the call. By the use 
of the dial which is attached to the new instrument he 
may then dial directly any call other than toll or long 
distance, by dealing the first three letters of the central 
office name and the number of at least four numerals. 

The actual electrical and mechanical means employed in 
completing calls are rather complicated. 

In New York city there are over 900,000 telephone 
stations served from 101 central offices. Every one of 
these near-million stations can secure immediate connec 
tions with any one of the other stations and besides these 
local connections there are the thousands of long distance 
and toll calls involving extra charges, which must be 
cared for and recorded. 

The demands for telephone service in recent years has 
been phenomenal. In the financial district of New York 
city these demands have more than doubled in the last 
five years. The telephone company is constantly adding 
to its huge system, enlarging existing buildings and erect- 
ing new buildings. 
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Safety in Relation to Electrical Appliances’ 


Protection is Relative and the Extent to Which it is Carried 
Depends Upon the Class of Persons to be Protected 


HE subject of safety or of accident hazards with 
reference to electrical appliances is one which has 
received a great deal of attention in recent years 

but is new compared with the study of fire hazard of 
electricity. 

The results of the study of accident hazards are em- 
bodied in the National Electrical Safety Code of the 
Bureau of Standards and the generally accepted code on 
fire hazards is the National Electrical Code of the Na- 
tional Board of Fire Underwriters. 

The safety code is about four years old and the fire 
code is about twenty-four years old. Both codes are the 
result of years of study by all sorts of persons and asso- 
ciations and both are to be regarded as representing the 
best present consensus of opinion while being susceptible 
of further revisions in the light of changes in the art, the 
developments of invention and the accumulation of ex- 
perience. The last edition of the Safety Code is that 
recently issued by the Bureau of Standards, the third 
edition dated October 31, 1920. 

It is not our intention here to attempt a description of 
the history of these codes or of their contents. The 
purpose of this paper is to state the fundamental ideas 
of safety and accident prevention in the electrical field, 
to describe the general aspects of the problems involved 
and to illustrate some of these by reference to certain 
classes of appliances. 

The uses of electricity are so numerous and the number 
of devices and machines employed is so great that any- 
thing like a complete discussion is manifestly impossible 
in a brief article. 

Furthermore, the methods by which safety may be se- 
cured are matters of detail varying with the device, its 
location, size, method of use and the sort of person using 
it. 

Electrical safety is an art rather than a science. It 
involves, as do all safety efforts, a large human element 
in addition to its economic and technical phases. What 
the employer can do and can pay for is one element. 
Habits and necessities of employees as well as their wel- 
fare must be given consideration. Perfection is unattain- 
able even if it were quite possible that we could all agree 
what it is. 


Electrical Accidents Occur in Two Ways 


Electricity may cause accident in just two ways, by 
shock and by burns. To these must be added the mechan- 
ical causes of injury from moving machinery and the 
like which are possible in all apparatus whether electrical 
or otherwise. 

Protection against shock is obtained by insulating cur- 
rent-carrying parts which may be touched, and the pos- 
sibility that the insulation may at times be defective indi- 
cates the need of special precautions in some cases. Most 
power circuits are so arranged that some current will 
flow through a person touching live parts of them to the 


*Abstract from a_paper presented before the American Society of Safety 
Engineers, New ork, by ana Pierce, vice-president Underwriters 
Laboratories. 


ground. By ground is meant not only the earth itself 
but any floor, pipe, wire or other conducting object in 
more or less direct electrical connection with the earth. 
Prevention of shock therefore requires that we consider 
such objects as possible paths for current at all times. 
Dirt and moisture increase the liability of such a path, 
being established for a dangerous current through a per- 
son’s body. 

The hazard of shock increases with the voltage. There 
are some well authenticated cases of fatal shock from a 
voltage of 110 volts, the usual lamp circuit voltage. The 
danger is believed to be small to persons in fair physical 
condition unless the contact made with the circuit is very 
good and long continued. 

Two hundred and twenty volts is of course more dan- 
gerous. At 440 volts and over the hazard becomes very 
real and anything over 600 or 1,000 volts must be treated 
with respect and constant caution. It is not possible to say 
where real danger begins. By these voltages we usually 
mean in safety work, the voltage from the circuit to the 
ground and not the voltage across the two sides of the 
line, but this distinction is not uniformly made. There 
are no very reliable data as to the amount of current that 
will kill. This varies with the voltage. It at least ap- 
pears certain that the killing current under most condi- 
tions and at common voltages is very small if measured 
in amperes, that is, small as compared avith the currents 
taken by common devices, lamps, household and factory 
appliances. The amount of current sufficient to cause 
fatal shock is sometimes stated as 100 milliamperes at 
600. volts. 


The Practice of Grounding Circuits 


Protective grounding is one of the chief methods of 
safeguarding electric appliances and is practiced in two 
general ways; first, by connecting one wire of the dis- 
tributing system to the ground and secondly, by ground- 
ing the enclosures, frames and other metallic parts of 
equipment. 

The grounding of the circuit has the effect of limiting 
the difference of potential (voltage) which can exist be- 
tween other wires or connected apparatus and the ground. 
The exact conditions for grounding circuits and the meth- 
ods of doing it should be studied in the two codes both 
of which deal with it. Grounding circuits is especially 
important when a normally low-voltage circuit such as 
230 volts is exposed to possible contact at some points 
with a circuit of higher voltages. An ordinary type of 
transformer for alternating current power distribution 
receives power at 2300 volts on one of its windings and 
delivers 230-volt power from the other winding. <A 
failure of insulation between these windings in the trans- 
former or a cross between low and high voltage wires 
outside will impose the 2300 volts on the 230-volt wires 
and everything connected to them. Grounding the low- 
voltage side gives this high-voltage a path to ground 
where it is harmless. Evidently, the permanence and ex- 
cellence of the ground connection are of prime importance 
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and there should be no fuses in the ground wire to open 
up and remove the ground. 

In years past, there has been no little objection to 
this has now passed and protective grounding of circuits 
is now very general and is being adopted rapidly in terri- 
tories where it has not before been favored. 

The city authorities and others in control of water 
companies long objected to grounded power circuits be- 
cause of supposed injury to underground water pipe 
systems. More recent investigations have proved these 
fears almost wholly unnecessary and the former objec- 
tions are now rarely made. 

It cannot be too clearly stated that the proper ground- 
ing of power circuits under all conditions requires skill, 
experience and thorough knowledge of electrical power 
theory and operating. Correctly done grounding of cir- 
cuits is one of the chief safeguards at our disposal. 

The protective grounding of enclosure frames and the 
non-current carrying metal parts of equipment is a sim- 
ple matter. In general, its purpose is to prepare in ad- 
vance a current path to the earth so that in the event of 
the failure of insulation making the enclosure “alive” the 
current may have a route to ground other than through 
the body of a person. In other words, if a motor frame 
is connected to the ground, it will have the same potential 
as the ground on which a man touching it stands and 
therefore current will not pass to the ground through 
him. 

Where such an enclosure cannot be grounded for 
operating or other reasons, then the man must be insul- 
ated by a platform, mat, gloves or some or all such means. 
Of the two general methods, the grounding method is 
the better where feasible. 

There is one aspect of grounding enclosures, however, 
that is not always remembered. A switch in a grounded 
box is a case in point. If the use of the switch requires 
an operator to touch or come near live parts the proximity 
of the grounded box may actually increase his danger. 
If the box is closed and grounded, he cannot get hurt 
from it. Therefore, external operation of the device by 
an outside handle for instance, is a natural complement 
to the enclosing of the device. 

For the purpose of protection against the other main 
direct hazard from electrical appliances, burning, the 
obvious recourse is to enclosure of apparatus in tight 
cases or their isolation to prevent approach to them when 
operating. To these, may be added the use of goggles 
and other protective clothing. In many cases, remote- 
control of switches and other current breaking devices 
lessens the hazard and these forms of appliances are 
becoming more and more general. 


Accidents Other Than From Shocks and Burns 


In addition to the hazards from shocks and burns as 
essentially electrical effects, we may briefly mention some 
other hazards which are of a more mechanical nature. 
On these, we quote from a recent safety standard of the 
Electrical Safety Conference. 

Explosion of Fuses——Fuses used to protect apparatus 
against overloads and short circuits, especially on large 
power circuits and with the apparatus near the generating 
station, occasionally explode with great violence. Such 
a condition is a possible cause of accident. 

Gas or Dust Explosion—Where apparatus is in an 
atmosphere containing certain quantities of inflammable 
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gas, or inflammable dust or flyings, there is danger that 
an arc or flash at the controller may ignite this mixture, 
causing a fire and sometimes an explosion. 

Moving Parts of a Controller—Persons near apparatus 
may be injured by being ‘struck by the handles or levers 
of circuit-breakers, and similar parts of the controller 
which may move suddenly and unexpectedly, unless these 
parts are properly located and guarded. 

Phase RKeversal—With certain classes of machinery, 
such as elevators, cranes and hoists, the motor and load 
may not.move in the expected direction with reference 
to the operating lever or handle of the controller because 
of an accidental phase reversal of the supply circuit, 
This may result in injury to persons because of unexpected 
direction of motion or confusion of the operator; it may 
in some cases result in failure of the limit switches and 
in injury to the machine itself. 

Unexpected Starting —Persons may be injured by 
moving parts of the motor or driven machinery, should 
the motor be started unexpectedly by another person, 
or by restoration of voltage after failure of voltage. 

Over-Speed.—Motors and motor-driven machinery may 
run at excessive and dangerous speeds because of some 
change in operating conditions, such as— 

(a@) Separately excited direct-current motors losing 
their excitation. 

(b) Series motors losing their load. 

Lack of Emergency Stop at Point of Operation—The 
operator of such machines as mixing rolls and calenders 
may be caught by the machinery and seriously injured if 
the machine is not immediately stopped by an emergency 
device. 

Over-Travel.—Certain machinery, such as elevators 
and some hoists, unless stopped within certain limits may 
do serious damage to persons and to the machinery. Since 
the operator cannot be relied upon to stop the machine 
at the limits, some device, such as a limit switch, must be — 
arranged to do so automatically. 

Failure of Power.—Failure of power may cause injury 
to persons with such machines as cranes or hoists, unless 
the machine is equipped with a suitable device to stop 
and hold the load. i 

Current Overload.—Excessive current by overheating 
some part of the motor, controller or wiring may ignite 
nearby combustible material or so damage the insulation 
as to leave the equipment in a dangerous condition. 


The Classification of Protection 


In prescribing accident prevention rules for electrical 
apparatus, it is necessary to distinguish quite clearly 
several classes of persons to be protected and the methods 
employed must vary according to whether all of these 
classes or only one of them is involved. The classes may 
be named as follows: qualified persons, operators, and 
other persons. 

By qualified person is meant one who is familiar with 
the construction and operation of the apparatus and who 
is assumed to have some appreciation of the hazards 
involved. Skilled electricians, inspectors, and other more 
or less expert persons may properly be included under 
this term. The ordinary shop foreman should not be 
considered a qualified person unless he has special knowl- 

edge of electrical matters and experience in dealing with 
them. The qualified person is supposed to be able to 
make inspections and adjustments of apparatus, to enter 
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rooms where high voltage equipment is installed, to open 
or remove enclosures for replacement of fuses, and in 
general to perform those operations necessary to the 
general maintenance of equipment. The qualified person, 
of course, is entitled to all the protection which the cir- 
cumstances of his work permit but he cannot be protected 
under all conditions and a certain degree of dependence 
must be placed upon his individual intelligence, knowl- 
edge, skill and experience. Many of the safeguards 
which it is possible to place around electrical appliances 
will fail of their purpose if all sorts of persons are per- 
mitted to perform this special and more hazardous opera- 
tion. Such qualified persons should have sole charge of 
the locks, rooms, guards, disconnecting switches and 
other protective devices. An ordinary workman should 
be prohibited from performing the duties of a qualified 
person. No safety program can successfully be carried 
out without constant attention to the human element and 
the distinction between the expert and the ordinary em- 
ployee. The proverb that a little knowledge is a danger- 
ous thing finds no better illustration than in the risks 
incurred by a person with imperfect knowledge of elec- 
trical affairs attempting to operate electrical machinery. 

By operator we mean a person who is authorized to 
actuate or handle the equipment. He uses the equipment 
to run his machine and, as he probably knows little about 
the electric device, the protection afforded him must be 
more complete and be maintained more persistently than 
for the expert. He may propertly open and close switches 
directly affecting his work but such switches should be 
so enclosed that he cannot expose himself to shock or 
burns. Hs ; 

He may be trusted to replace fuses only when provision 
is made so that he need not handle any live parts in so 
doing. 

The third class of persons includes the ordinary work- 
man or passerby who may inadvertently touch electrical 
apparatus or be affected by its failure in operation. As 
his attention will generally be on something else than the 
electrical devices and he must be assumed to have no 
appreciation of the dangers to which he may be exposed, 
we must guard against his injury even more carefully. 
Enclosures and the insulation of apparatus as far as 
practicable are in his interest. 

When we attempt to provide protection, we may do it 
either by constructing each part of the apparatus so that 
it includes the necessary safeguards in itself, or we may 
remove apparatus which presents hazards or protect it 
by gtiards or gratings or by putting it in separate rooms. 
It is not necessary that the manufacturer of an electrical 
device should make it so that it can always and every- 
where be used in safety. To do so would add an intoler- 
able expense to equipment which would defeat the pur- 
pose. If apparatus cannot be placed so high on the wall 
or surrounded by guards and screens to make it safe, 
then, of course, the protective features must be built into 
the device itself. .It is.an. economic question in every 
given installation how the results for safety may be 
secured with certainty by a proper combination of pro- 
tection by construction and protection by installation. It 
is just here that the skill and experience of a safety 
engineer has one of its best opportunities. 

The last few years have shown a very notable increase 
n the interest of manufacturers in providing safer, electri- 
cal equipment. The old open knife switch is rapidly being 
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displaced by enclosed or safety switches which are now 
available in a great variety of forms, many obtainable at 
a price so little above that of open switches as to make 
the use of the latter inexcusable except where, as on 
switchboards or other places, only qualified persons may 
approach or use them. Several of the larger companies 
are rapidly redesigning whole lines of switches, circuit 
breakers, motor controllers and other power apparatus 
to provide the safeguards prescribed by safety rules. In 
fact, it may be stated that one of the most strongly 
marked tendencies of present day electrical design is in 
this direction of safeguarding persons from injury. Like 
all movements for the betterment of society, this develop- 
ment is marked by animated and sometimes violent dis- 
agreement as to what is necessary and as to the rate at 
which progress can be made without imposing upon 
industry undue expense. 

As applied to electrical equipments for ordinary houses, 
offices and other buildings than factories, the present 
tendency is strongly in the direction of so making and 
installing wires and connected devices that there ‘will be 
no exposed live metal parts and no other metal parts 
liable to become alive which are not effectively grounded. 
Thus the present tendency is to ground fixtures to the 
conduits or other supports rather than to insulate them. 
The ordinary lighting panelboard formerly presented, 
when one opened the door, a mass of live copper parts, 
switches and fuses. The present safety panelboard shows 


only insulated handles and covers either of insulating 


material or of grounded metal. A wholly inexpert person 
can thus use them for ordinary purposes with practical 
safety. 

In England, there has been some development in the 
way of grounding the outside casings of portable devices 
stich as portable lamps, heaters and the like. While this 
is unquestionably a desirable thing from the point of view 
of safety, its practical accomplishment involves very real 
difficulties in changing American practice. It means that 
a third wire for the ground must be used, connected to 
the case of the appliance and at the other end to a perma- 
nent ground. Means must be provided to make sure that 
the ground wire is not confused with the circuit wire or 
worse results than in any ungrounded system may follow. 
The practical solution of this question of grounding port- 
able devices has not yet been worked out except in a 
few instances. The suggestion has been made that metal 
cases be connected to the grounded wire of the electric 
circuit itself where there is such a wire but there are real 
objections to this both practical and theoretical. The 
present feeling is that the grounded side of the circuits 
should not be connected to exposed parts or depended 
on for grounding frames, sockets, casings, fixtures and 
the like. 


Reducing the Electrical Accident and Fire Hazards 


Some of the most important questions in electrical 
safety have to do with the installation and operation of 
power lines and connected outside apparatus but these 
are questions which it is impossible to discuss even briefly 
in a paper of this sort. The National Electrical Safety 
Code treats of them exhaustively. 

State and municipal commissions throughout the entire 
country are interesting themselves more and more in 
safety rules for electricity. In several states, special 
codes have either been drawn up or are now in prepara- 
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tion. Some of these are combinations of the rules of the 
fire code and of the safety code. There is still much 
difference of opinion as to the desirability of attempting 
such a combination of rules. The Associated Manufac- 
turers of Electrical Supplies, the Bureau of Standards, 
Electric Power Club, National Workmen’s Compensation 
Service Bureau, and Underwriters’ Laboratories have 
associated themselves in what is known as the Electrical 
Safety Conference and through special committees are 
developing a very useful set of detailed standards or 
safety codes for electrical appliances and systems. One 
such code, that on industrial control equipment, has been 
published and is now available for distribution. Other 
codes in process will cover enclosed switches, rotating 
machinery, switchboards and circuit breakers and other 
topics. 

Underwriters’ Laboratories is in constant relation to 
the various branches of the electrical manufacturing in- 
dustry through its Industry Conference on which manu- 
facturers are represented. The laboratories also co- 
operate actively on the committee work of numerous 
electrical associations and with state and municipal 
cfficers. Through these channels more and more work 
is being done in electrical safety and many intricate and 
difficult technical and economic questions involved are 
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being worked out to a generally acceptable conclusion. 
The desirability of having tests both for fire and accident 
hazards conducted by properly qualified laboratories 
where experience and standards can be registered is eyi- 
dent and its utility is being daily demonstrated. 

Changes in the electrical arts are so rapid ‘hat this 
work can never reach a final conclusion. New inventions, 
applications, and methods appear daily. Electrical energy 
is being utilized each year in even wider fields and is 
atiecting interests of more industries and of more people. 
Electricity can be made safe and it may fairly be claimed 
that the developments in safeguards are keeping well up 
with other developments in the art. The extremist who 
demands immediate perfection has not yet reached his 
goal in electrical safety affairs any more than in any 
other human relations. He serves a useful purpose in 
pointing out the road but his ideas must be supplemented 
by the constant level-headed attention to details and to 
the practical limitations imposed by questions of cost and 
of habit. Perhaps we may say that the ideal safety engi- 
neer is the man who combines an ardent enthusiasm for 
perfect protection of his fellows against the accidents of 
life and work with a sound knowledge of the principles of 
science and its practical applications and utilizes them 
both with common sense. 


Fundamentals of Rational Electrification 


An Example Showing What Factors Should Govern the Adoption 
of Electric Operation on Heavy Grades 


By George R. Henderson 


HE financial condition of the railroads in this coun- 
ali try makes every economical suggestion of more 
than usual interest, and especially is this true of 
electrification, although the expense of installation at this 
time is, in many cases, prohibitive. A few years ago 
mechanical engineers received the unlimited claims of the 
electricians with considerable skepticism, but since a num- 
ber of roads have electrified sections of their line and 
more rational claims are now in order, the subject has 
become one of importance to all the large roads. 

A few weeks ago, at the Franklin Institute, in Phila- 
delphia, A. H. Armstrong, of the General Electric 
Company, gave a most interesting lecture on this sub- 
ject, presenting facts and figures which had been ob- 
tained largely from the Chicago, Milwaukee & St. Paul 
line in Montana, of which 440 miles have recently been 
electrified, and as this represents main line operation in 
a mountainous country, the results are of more general 
interest than those of local applications, such as the New 
York Central and the Pennsylvania in the vicinity of 
large cities. Mr. Armstrong’s claims were moderate and 
entirely free from the “cure-all” type which did more harm 
than good a few years ago. The important matter of 
repairs, inspection, turn-arounds, hostling, etc., were pre- 
sented so forcibly that the writer considered it would 
be of interest to compare the costs of steam and electric 
operation over a hypothetical mountain division and to 
discover what importance the cost of coal asstimes in the 


discussion. As present figures for material and labor 
are considered abnormal, pre-war prices were assumed, 
such as those prevalent a dozen years back. A division 
of 300 miles in length with 50 miles each of per 
cent, 1 per cent and 2 per cent up and down grades was 


Arbitrary Profile Considered in Solving a Typical Problem 


used as a basis of calculations, and is shown in profile 
by the sketch. Roundhouses for steam locomotives, are 
located at each end of the profile and at points 100 miles 
from each end. Locomotives may be considered as the 
Railroad Administration standard Mikado 2-8-2 type with 
the following characteristics: 


Tractivegtorcetga sa, oe ee 60,000 Ib. 
A dhesivesweighitc. 3... (. ae 240,000 Ib. 
Weight engine and tender..... 500,000 Ib. 
Heating surface (water)..... 4,285 sq. ft. 
Superheaterssurface», «i... 428 990: .squae 
Grate: aren eet het 4c) hoe 70 sq. ft. 


A train of 63 cars of 50 tons total weight each, or 
3,150 tons for the load back of the tender, will require 
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one engine for Sec. A; two for Sec. B; three for Sec. 
C and one for D, E and F down hill, the train being 
considered as operating in the direction of the arrow. 
The helper engines would start from the intermediate 
roundhouses and in order to operate return trains would 
make 200 miles and 100 miles respectively for 300 miles 
of through train, one engine being used as a pusher over 
sections B and C. We may consider the level resistance 
as 5 lb. per ton, so that the total train resistance may be 
taken as 15 lb. per ton for Sec. A, 25 lb. per ton for Sec. 
mes for Sec. C, 35 for Sec. D, 15 for Sec. E and 5 Ib. 
per ton for Sec. F, the minus sign indicating the effect 
of gravity to push the train ahead on the descending por- 
tion of the run. For the type of locomotive indicated 
above we therefore find the following conditions: 


Lecomo- Total Total Ratio to 
Sec. tive train weight resistance trac. force Speed upgrade 
Bes sis ss 1 3,400 T. 51,000 lb. 85% PS5em. psn. 
Ah ree z 3.650) 2: 91,000 Ib. 76% 17 m, p. h. 
RG roti ts 5 3,900 T. 175,000 Ib. 97 % 10 m. p. h. 


Down hill a speed of 20 m. p. h. may be attained and 
perhaps 30 m. p. h. permitted on Sec. F. These speeds, 
with two hours allowance for changing engines, water 
stops, etc., would indicate a total of 20 hours over the 
300 miles. Transportation delays, of course, would often 
increase this time. 

The amount of coal has been estimated at 3% lb. per 
horsepower-hour, which corresponds with 100 Ib. per 
square foot of grate per hour for sections A and B, and 
4 Ib. per horsepower-hour for Sec. C. Down hill 4 
ton of coal per hour has been assumed. This gives coal 
used as 


Sec. A 12 tons burned in 3 hrs. 20 min. 
Sec. B 20 tons burned in 3 hrs. O min. 
Sec. C 45 tons burned in 5 hrs. O min. 


Down hill movement would use about 4 tons. The cost 
of coal varies greatly, especially at this writing, but some 
years ago $2 would represent a fair price per ton. The 
cost of pumping and treating water is likewise variable, 
but 25 cents per 1,000 gal. may be assumed, and as 
roughly one pound of coal will evaporate one gallon of 
water, we may charge water costs at 50 cents ton of coal. 

Repairs constitute another variable, but 20 cents per 
engine mile would probably represent pre-war figures for 
a locomotive of this size. 

The pay of enginemen (engineer and fireman) will be 
covered at the rate of 8 cents per mile, that is, $5 for en- 
gineer and $3 for fireman per 100 miles. 

The cost of handling at terminals, including hostling, 
turning, wiping, inspecting, etc., will be taken at $1.50 
per engine, and these various figures will be compared 
with estimated costs of electric operation. The coal con- 
sumed at terminals is not included, but would be con- 
siderable—on the other hand, the power plant for gen- 
erating the electric current must be kept constantly in 
operation and a loss of some fuel must here be apparent. 

The comparative costs for electric operation will con- 
sist largely in fuel and operating methods. For the loco- 
motives we may consider a total of 12 pairs of drivers 
with 60,000 Ib. on each and four truck wheels with 45,000 
Ib. on each, a total of 900,000 Ib. or 450 tons and with 
train of 3,150 tons, we have a total of 3.600 tons. Whether 
satisfactory results could be obtained by using this trac- 
tive force of 180,000 Ib. at the head of the train would 
depend upon the construction of the cars placed in this 
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service, and it might be necessary to have one unit at 
the head and another at the rear of the train to prevent 
destruction to draft rigging and center sills. If the latter 
course were necessary, two engine crews would be needed, 
whereas one crew (of two men) could operate both units 
at the head of train by multiple control. The question of 
fuel will also depend upon the possibility of using regen- 
eration, which means that there must be an ascending 
train at the same time that one is descending the grade 
and this may not always be possible of arrangement. If 
the power house is steam operated, a kilowatt hour could 
readily be produced at the switchboard by the combustion 
of 21% lb. of coal, and if 25% loss be allowed from switch- 
board to rims of drivers, we will have a total coal con- 
sumption of 2% lb. per horse-power-hour. The train need 
not be broken (except for the possible shifting to the rear 
unit in passing over the heavy grades), as the electric 
locomotives can run 300 miles without difficulty, whereas 
we have considered that the steam locomotives would have 
to lay over each 100 miles of upgrade. This will reduce 
the terminal expenses and as repairs are generally found 
to be less than for steam locomotives, they are taken at 
one half the amount, or 10 cents per mile for each of the 
two units. If the road was constructed as an electric line 
the intermediate roundhouses, with the coal, ash and water 
arrangements, shops, etc., could be eliminated, thereby 
saving considerable initial expense. Electric locomotives 
operate satisfactorily on inspections made every 3,000 
miles and while they are much more expensive to build 
than steam locomotives, the fact that a greater car mileage 
can be gotten from them under ordinary conditions puts 
the initial cost of engines to about the same figure. The 
alternating current locomotive runs at a nearly constant 
speed, regardless of the load so that we may assume 15 
miles per hour throughout, or 20 hours to pass over 300 
miles. In the subjoined table, two columns are provided 
for the electric operation, the first considering that re- 
generation is not possible and that one unit of power 
must push over the 2 per cent grade; the second utilizes 
the force of gravity of the descending train to assist those 
ascending, and virtually to put coal back into the bunk- 
ers; also considers that one engine crew only is needed 
by putting all the power at the head of the train. By 
calculating the horse power needed to operate the 3,600 
ton train, we find the fuel required as follows: 


Horse power Fuel 
Sec. required required 
A 2,160 9.5 tons 
B 3,600 L542 “tons 
(C 6,500 28. “tons 
D UR) 2) tons 
E —2,160 — 8.5 tons 


The minus signs are the credits to be allowed where 
regeneration is possible, and would reduce the coal re- 
quirements from 53.5 tons to 25 tons. These various 
values may now be tabulated for comparison, remember- 
ing that the second electric column includes regenera- 
tion and multiple unit control. 

Items such as train crew, car repairs, etc., which would 
be the same in both cases, have been omitted. It is 
evident from this table that the economies of electric 
operation should be considerable and must depend large- 
ly upon the original cost and fixed charges as well as 
the traffic conditions of the section. From the state- 
ments of Mr. Armstrong, the pre-war costs would have 
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been something like $30,000 per mile of road for electri- 
fication, and in order to save 10 per cent of this, there 


Steam Electric 1 Electric 2 
Cost of coal per trip @ $2.00. $162.00 $107.00 $50.00 
Cost.of water per trip @) oO tome 0 COMgmeer. eae ae 
Cost of repairs per trip..... 120.00 60.00 ~ 60.00 
Costhorghandinote eer 9.00 1.00 1.00 
Pay sof enginementees eee 48.00 32.00 24.00 
Total pertiripaw ee eres 379.00 200.00 135.00 
Cost per tram miles eae 1.26 0.67 0.45 
Saving: (pér trainees Se cen eee 0.59 0.81 


would have to be earned $3,000 a year over steam op- 
eration. By the first column of electric operation, there 
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would be a saving of 59 cents per train mile, which 
would require over 5,000 trains a year or seven trains 
a day in each direction of 63 cars each, a total of 882 
cars to pass over the division in each 24 hours—if the 
traffic did not approach this figure, electrification could 
hardly be considered. Then a variation in the cost of 
fuel might change the conditions enormously so that the 
saving would be greater or less than expected. If water 
power were available the cost of electric operation would 
be much more stable, but in any event each case would 
be a problem of its own and a careful study of all the con- 
ditions involved would be necessary to estimate the prob- 
able economic advantages which might be obtained. The 
above is simply a hypothetical case developed to show 
some of the possibilitites existing in a consideration of 
rational electrification. 


Electricity for Steam Locomotive Headlights 


Equipment Needs Standardization and More Uniform 
Maintenance Methods Should Be Established 


By A. H. Candee 


General Engineering Department, Westinghouse Electric & Manufacturing 


T a general session of the Interstate Commerce Com- 
mission held in its offices in Washington, D. C., on 
the 26th day of December, 1916, it was ordered 

that rules No. 29 and No. 31, of the rules and instructions 
for inspection and testing of steam locomotives and 
tenders, were to be as follows: 


TCHS 


29. Locomotives Used in Road Service.—Each locomotive used in road 
service between sunset and sunrise shall have a headlight which shall afford 
sufficient illumination to enable a person in the cab of such locomotive, who 
possesses the usual visual capacity required of locomotive enginemen, to see 
in a clear atmosphere a dark object as large as a man of average size 
standing erect at a distance of at least 800) feet ahead and in front of such 
headlight and such headlight must be maintained in good condition. 

Each locomotive used in road service, which is resular ly required to run 
backward for any portion. of its trip, except to pick up a detached portion 
of its train or in making terminal movements, shall have on its rear a head- 
lteit which shall meet the foregoing requirements. 

Such headlights shall be provided with a device whereby the light from 
the same may be diminished in yards and at stations or when meeting 
trains. 

When two or more Iccomotives are used in the same train, the leading 
locomotive only will be required to display a headlight. 

Locomotives Used in Yard Service —Kach locomotive used in yard 
service between sunset and sunrise shall have two lights, one located on 
the front of the locomotive and one,on the rear, each of which shall enable 
a person in the cab of the Incomotive under the conditions, including visual 
capacity, set forth in Rule 29, to see a dark object such as there described, 
for a distance of at least 300 feet ahead and in front of such headlight; 
and such headlights must be maintained in good conditicn. 


The commission also ruled that all locomotives were to 
be equipped in this way by July 1, 1920. 

This ruling revolutionized the entire locomotive light- 
ing scheme. As the electric headlight is the only one 
which will satisfactorily fulfill all of the requirements, it 
became necessary to install a generating unit on each 
steam locomotive. Then, with electric power available, 
its use for gage lamps, cab lamps and lubricator lamps 
was logical, and followed out the commission’s further 
ruling in regard to cab lights. 

In general, each steam locomotive carries the following 
electrical equipment: 

1—turbine generator of 500 watts capacity. 

1 (or 2)—headlights with parabolic OME LE 

1—headlhight- switch. 


Company. 
1—dimming switch with resistance. 
1—cab lamp switch. 

Lamp, sockets, fuses and details. 


Several Types of Equipment Available 


There are on the market, at present, at least nine dif- 
ferent types of headlight generators, each with entirely 
different characteristics. It is surprising that the various 
manufacturers differ so widely in machines which are of 
such small capacities, such simple characteristics, and 
where reliability of operation demands the utmost sim- 
plicity and the use of the soundest engineering principles. 
Reviewing some of the differences, we find : that there are 
open and closed machines; sleeve bearing and ball bear- 
ings; grease lubrication and oil lubrication ; piston valves, 
needle valves and ball valves; various types of governors, 
including a magnetic brake to dissipate the turbine power 
in the form-of heat; built-up turbine bucket wheels and 
forged wheels; steam and electrical ends- in one housing 
in some machines, while completely. separated in others; 
armatures pinned to the shaft and armatures built on} 
a. c. generators and d. c. generators, permanent magnets 
and wound fields. ; 

There is no doubt but that a number of these discrep- 
ancies will be eliminated as time goes on and more ex- 


perience is gained, either by the manufacturers or through 


more rigid -specifications by the railroads. Time, or the 
railroads, will also operate to reduce the excessively high 


maintenance costs now required for a number of these 


turbine -generators.. High maintenance costs on these 
units has been generally accepted as being a necessity up 
to the present time, but the performance of some of the 
generators recently brought out belie this condition. 

The generator is usually mounted on the top of the loco- 


motive just in front of the cab, so that the exhaust-steam — 


will ‘not obscure the enginemen’s vision. Some roads, 
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however, have placed this unit on the smoke box, just in 
front of the stack, the idea being to keep the lagging of 
the boiler free trom all possible. apparatus nich would 
require removing before the lagging could be taken off. 
The big objection to placing the generator on the smoke 
box, however, is the excess temperature reached at times. 
This may be as high as 500 deg. F. 


Equipment Should Be Simple and Easily Maintained 


From an operating standpoint, it is desirable to have a 
machine which will run at least three months without any 
attention whatsoever, and which can be maintained and 
overhauled without removing from the locomotive. The 
machine which is simple and straightforward appeals most 


Headlight Set Applied to Locomotive in Recommended Position 
Just Ahead of the Cab and a Little to One Side of Center 


strongly to the maintenance man and as a consequence, 
will be maintained the best. 

While opinions vary somewhat, the general tendency 
is toward the omission of the strainer from the steam line 
to the turbine. This strainer is considered a source of 
possible trouble, due to clogging. A well designed ma- 
chine will permit scale to pass through without trouble. 

Oil lubrication has been found superior to grease for 
ball bearings in this service. Grease has a tendency to 
pack along the sides of the balls and, as a consequence, 
the balls are only lubricated when the grease cups are 
tightened down,’ whereas with oil, the tendency is to 
creep into the ball race at all times. Grease also catches 
and holds any grit or dirt which may work its way into 
the bearing, while oil acts to wash the balls and races 
continuously and to keep all parts covered with a thin 
lubricating coating. -When standing idle, this thin coat- 
ing also prevents rusting and creeping over the surfaces 
by capillary action. ite method of cleaning an oil 
lubricated bearing is very simple; the oil is drained from 
the oil well and the well is filled with kerosene. After 
the machine has been run for a very short time, the 
kerosene is drained and the machine oiled in the regular 
way. 

The continued successful operation of any electrical 
machine depends, to a considerable extent, upon keeping 
the insulating surface clean. While locomotive generat- 
ors usually operate at 32 volts (considered relatively as 
a very low voltage), this statement still holds true for 
these units. This condition leads to the natural con- 
clusion that any electrical apparatus for steam locomotive 
application will operate better if totally enclosed to ex- 
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clude steam, smoke and cinders, as the combination of 
these three causes a very heavy carbon deposit. Operat- 
ing experience has also confirmed this fact and there 
seems to be a general tendency to standardize on a totally 
enclosed machine. 

In regard to standardization of headlighting equip- 
ment it is interesting to know that committees of the 
American Railroad Association and the Association of 
Railway Electrical Engineers are now working in con- 
nection with the railroads and the manufacturers, on the 
problem of standardizing some of the details, such as: 
location and size of steam inlet; location of mounting 
feet; brush sizes, bearing sizes; lubrication, etc. This 
standardization work should be furthered to the fullest 
extent by all who are connected with headlighting equip- 
ment. 

Most of the railroads have modified their old head- 
lights, putting in new parabolic reflectors, an incandes- 
cent headlight lamp and a lamp to illuminate the loco- 
motive number windows. Among the headlights on the 
market will be found both incandescent and arc lamps. 

The switches for controlling the lights and for dim- 
ming the headlight are usually located just above and 
within easy reach of the driver’s seat. This equipment 
is at times subject to rather strenuous abuse and must 
therefore be of very rugged construction. The writer’s 
personal experience with these details on the road leads 
to the conclusion that there is still room for improvement, 
the addition of a “tell-tale” light on the headlight switch 
to indicate whether the headlight is “on,” “off,” or 
“dim,” and by more positive means of identifying the 
“on” or “off” position of each switch. 


Lower Maintenance and Better Operation by Fusing 


One question, on which there are‘different opinions, is 
the desirability of fusing the generator circuit. While 
there are reasonable arguments against such practice, it 
is the writer’s opinion that lower maintenance and better 
operation will result by the use of fuses. With a 500 
watt generator the fuses will be of at least 15 amperes 
capacity, which means that such fuses are by no means 
too fragile for locomotive service and if properly located, 
will not be subjected to high temperatures from the loco- 
motive itself. Fuses of considerably smaller capacities 
than this are in daily use on electric locomotives and other 
types of rolling stock. The immediate indications of 
trouble, due to a blown fuse, will result in such trouble 
being repaired at the earliest opportunity and thus save 
in maintenance. Without fuses, a generator may be 
subjected to heavy short-circuit currents for some time 
before being discovered, which will inevitably result in 
higher maintenance. The renewal of fuses should not 
be a difficult operation for men of the calibre required of 
enginemen. 

Generators can be designed to stand a short circuit 
continuously. However, in doing this, something else 
must be sacrified, either power consumption, commuta- 
tion or other electrical characteristics. From an en- 
gineering and an operating standpoint it is better to 
design the generator with the best electrical characteris- 
tics and use fuses to protect against accident. . 

The Interstate Commerce Commission’s ruling on cab 
lights requires lights for the gages and lubricator and a 
cab light to permit the enginemen to read orders, etc. 
The gage and lubricator lights are usually left burning 
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at all times the generator is running, while a switch is 
used to cut out the cab light. It seems highly desirable 
to add another light to the circuit, this light to be placed 
just outside of the cab, up in the hood and so arranged 
as to illuminate the coal pile without interfering with 
the engineer’s vision. 

The necessity of a generator on a steam locomotive 
for lighting purposes opens the question of how many 
desirable applications may be made of electrical energy 
to the operation of auxiliaries, such as for varying the 
cut-off, reversing, train brakes, signalling, etc. It re- 
mains for the steam locomotive designer to make use of 
this versatile form of energy. 


N. E. L. A. Electrification Committee 
Against Government Operation 


OVERNMENT operation of railroads was spoken of as 
a “dread palsy” and recommendations for the future 
were made in the report of the Committee on Electrifica- 
tion of Steam Railroads at the annual convention of the 
National Electric Light Association in Chicago on June 3. 
The first part of the report was given over to a history of 
the development of electric traction for railroad trains 
and the summary consisted of recommendations for the 
future affecting both the railroads and the people who 
are served by them. The following is the summary of the 
report: 

“The transportation problem is of vital interest to all 
of the people, and it is important that it should have the 
loyal support and interest of all classes of citizens and 
their active co-operation, so as to obtain the most rapid 
transportation of freight and passengers in the most effi- 
cient manner and atthe least cost. This can be accom- 
plished by the constructive support of the legislative bodies 
and the investing public and by the support of the en- 
gineering talent of the country. The time is here when 
the railroads need the united support of all the people, 
so as to make use of the improved methods of utilizing 
the advances in the sciences and the arts, in order to give 
the people the best transportation facilities. This can only 
be accomplished, first, by legislation which will remove 
the objectionable restrictions in the management and op- 
eration of the railroads; and secondly by the financial 
support of investors, so that additional capital will be 
retracted to the railroads, to enable them to add to their 
facilities such plant and equipment as is necessary to take 
care of the increasing traffic and to handle this traffic in 
the most economical way. 

“We believe that at this time much good can be accom- 
plished by studies and investigations conducted by en- 
gineers of the railroad management who are well qualified 
by their training and experience to make these studies. 
They should have the active co-operation and assistance 
of the engineers representing other utilities and the large 
industries, and of consulting engineers who are specialists 
on this subject, so as to bring to bear upon this question 
the best minds available, in order to effect improvements 
in the terminal facilities, rights-of-way, motive power, and 
in the traffic of the railroads. The power companies of 
the country stand ready to co-operate in these studies, and 
to be prepared to offer electrical energy at low cost in 
most cases where it may be utilized to the railroads’ ad- 
vantage. 
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“Although the railroad situation is one of interest, and 
the railroads have had their large part in the development 
of the American nation, the situation in regard to their 
future is one of compelling importance. It is unthinkable 
that American transportation should be subjected to the 
dread palsy of government operation. We have just about 
reached the point (disregarding the present recession in 
business as temporary ) where possible restriction to traffic 
movement in its limitations of industry, has become a 
matter of the greatest concern to large. sections of the 
United States. There is probably no district or com- 
munity which is willing to admit that its growth in in- 
dustry should halt or be limited. For the country as a 
whole, the growth of industry and population has called 
for an increase in trafic movement’of 100 per cent during 
each interval of approximately 12 years. 
certain that the same rate of growth will be followed 
during the next 12 years, the situation of the future is 
sufficiently grave to prove the necessity for provision of 
transportation facilities necessary to care for the vast 
increase in business. 

While it is not our purpose to point the way out, there 
must, somehow, some way be developed to care for this 
situation. Undoubtedly, great good could come from edu- 
cation. The credit of the railroads must be established to 
provide the large amounts of capital necessary to develop 
the transportation machine. To that end, all practices, 
criticisms, legislative action, both national and local, which 
operate to affect the credit of the railroads, should, 
through education of the critics, be eliminated. In its 
stead, should take place discussion of the burdens of ex- 
pense imposed upon the railroads by class legislation, un- 
productive improvements, unreasonable demands of one 
class of labor to profit at the expense of all other classes, 
along with the obvious education of the shipping and 
traveling public as to more economical practices in the 
movement of traffic. 

The net result of these would be a sufficient margin 
between reasonable rates and cost of operation to secure 
a return which would attract additional capital necessary 
for the expansion of the railroad machine. There is no 
stronger force under our form of government than public 
opinion, and American public opinion in the final analysis 
has been proven to be reasonable. With the support of 
public opinion, therefore, upon such a program, the 
timidity of the investing public as to railroad securities 
would be removed and there should be available the neces- 
sary capital at reasonable rates of interest. 


While it is not. 


The National Electric Light Association, comprising in ~ 


its elements a large and far-reaching body of intelligent 
men, should, prompted by their own interest in the expan- 
sion of all industry, accept and undertake as a real re- 
sponsibility, the intelligent discussion and understanding 
of the needs of the railroads. Even if this view, which is 
a broad one, should be limited to self-interest, this should 
be prompted by the unquestionable fact that for the great- 
er expansion of our railroad service, railroad electrifica- 
tion will come increasingly into use. 


The City of Philadelphia adopted “summer time,” 
which went into effect on June 6; and the railroads have 
prepared new time-tables so as to run suburban trains, 
and some others, one hour earlier than by the present 
time-tables. 
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Prolonging the Life of Edison Cells 


It has been found that an old Edison cell which gives 
a low or reverse voltage reading may be brought back to 
normal by shaking it to loosen all detached material from 
between the plates. A writer in the Electrical World 
describes a contrivance for accomplishing this result. The 
apparatus consists of a revolving box driven by a motor. 
This box is constructed of 7 in. wood stock and is large 
enough to accommodate the largest tray used with Edison 
batteries. On the outside ends of the box are flanges 
holding two shafts which are supported in bearings bolted 
to the floor. On one of the shafts is mounted a pulley 
through which the box is rotated by a belt from the 
motor. 

The process of restoring or rejuvenating the cell is 
carried on as follows: Half of the solution is poured out 


_-- Cover with hinge 


General Arrangement of Rotating Box 


and all the cells are placed in the tray, which is then set 
inside the box. Short wooden pieces are laid across the 
top of the tray and upon these are placed two pipes which 
extend the length of the box on each side of the tray. 
The pipes are inserted in hooks made of % in. iron, the 
ends of which extend through four holes in the bottom 
of the box. The lower ends of these hooks are threaded 
to receive large wing-nuts and when these are screwed 
up tight the tray itself is held firmly in place. After re- 
volving the box for about ten minutes at a speed of about 
50 r. p. m., the tray is removed from the box and the 
remaining portion of the electrolyte is poured out. Edi- 
son renewal solution is immediately afterwards put into 
the cells. 

_ It has been found from experience that such treatment 
will frequently wash out and loosen the material which 
has short-circuited the plates, thus putting an old battery 
back into good condition. 


para 
ay | 


“ 
\ ete. LMNKy] tt 


LT] 


Fait 


Novel Storeroom Lighting 


The difficulties encountered in illuminating the numer- 
ous small compartments contained in storeroom bins are 
readily overcome by following the scheme shown in tie 
plan and photograph. 

It is obvious from the photograph that the roof of the 
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Arrangement of Movable Drop Cord and Supporting Wire 


storeroom is extremely nigh. If the conduits were 
fastened to the rafters and drops suspended, the cost of 
the wiring would be double that of the scheme adopted. 
The building is wired in conduit in accordance with the 
National Electric Code. The conduits are fastened to 
the walls and enter outlet and junction boxes in the usual 
manner. The outlet boxes from which the portable ex- 
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tensions are carried are provided with standard metal 
covers with hard rubber bushings. The outlet boxes for 
the extensions are located on opposite walls near the ends 
of each trolley. The trolley is a number 10 galvanized 
iron wire fastened at both ends to the wall, strain insula- 
tors having been previously inserted. A turnbuckle at 
one end of each trolley provides for taking up the slack. 
Glass rings such as are used for operating awnings were 
slipped on the trolleys before they were fastened to the 
wall. Number 16 portable lamp cord passes through the 
glass rings, sufficient cord is allowed so that the lamp 
socket will reach the extreme end of the bin. One lamp 


—oP_ Outlet to No.16 Portable Cord run through 
Glass Rings supported on No.10 Galv.|ron 
Wire held by Strain Insulators and Turn- 
buckles to Store Room walls 


-+— Strain \nsulator 
—o-Turnbuckle 
t Receptacle 
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old-time brand of booze can woo the same poetic muse: 
so I think I'll use this now and then, when the ink flows 
freely from my pen. 

Adverse condition loudly cries, for us to all econo- 
mize. To get together, buck the slump and save our 
railroads from the dump. The less you love your little 
job, the larger grows the idle mob. Unless you act, this 
term “adverse” will keep on getting worse and worse. 

We had a war and all got stewed on “hootch” that 


Bill the Kaiser brewed, and in this wild and woolly 


brawl we got so full we couldn’t crawl. We whooped 
her up and tore our shirt. We gave and spent “until it 


XX Drop with |2"Porcelain Enamel Reflector 
= Cabinet 
Note: All wiring in conduit - 2 circuits. 


Oo Drop without Reflector 
= Outlet or Junction Box 
S Switch 
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Plan of Storeroom Showing Location of Lighting Accessories 


located between two bins serves to illuminate the small 
compartments in those bins. The lamp may be readily 
moved from one end of the bin to the other. 

Constant slack in the portable cord between the rings 
is maintained by securing the cord to the glass rings at 
predetermined intervals by means of friction tape. Al- 
though lamp guards are not shown in the photograph 
these have since been applied. 

The most prominent feature of tnis scheme is that there 


is no extension cord hanging in the store attendant’s way _ 


and he can have the use of both hands after he has ad- 
justed the location of tne lamp. 


A Man May Be Down 


When Abraham Lincoln was a young man he ran for 
the Legislature in Illinois and was defeated. He next 
entered business, failed, and was seventeen years paying 
his debts. 

He was engaged to a beautiful young woman—she 
died. 

Entering politics again, he ran for Congress, and was 
again defeated. 

He then tried to get an appointment in the United 
States Land Office, but failed. 

He became a candidate for the United States Senate 
and was badly beaten. 

He ran for Vice-President and was once more defeated. 

When you think of hard luck, think of Lincoln. 

—The American Legion Weekly. 


Old Dr. Reason Prescribes 


I’ve always liked Walt Mason’s stuff. He picks a 
subject; treats it rough and with his hammer and his 
tacks nails down a lot of salient facts. I’ve found his 


hurt.” We tossed our dollars in the air and let them 
land most anywhere. When Fritzy took his final flop, us 
birds just simply couldn’t stop. Now, sick and sore we 
go to bed and nurse an awful, awful head. 

Old “Doctor Reason” comes to us, with all our belli- 
ache.and fuss. He lifts our grimy, shaky paw and pumps 
the sludge from out our craw. Then seats himself upon 


AR a Ayes lee f 

Sane | SS 
PEI ED Neh. 1, SEI Of 
\ Ht ‘ % ° | i 
genau nanes ears rer COUN Ke) 


Money Mad 


our bunk and analyzes all this junk. In a dim, mysteri- 
ous, hazy way, we hear the old guy softly say: 
“Collectively, Pll bawl you out; so in your mind 


there’ll be no doubt as to the cause of all your pain and 


maybe you won’t slip again. 
“While Tom and Dick and Jim and Jud were ‘over 
there’ in Flander’s mud, you stayed at home and copped 
the Kale, and some of you should be in jail. Devoid of 
reason, sense or fear, you helped along the profiteer. 


bought and paid the price. 


_ burning 
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The cost of things—that cut no ice—you bought and 
You sold your ‘bonds’ and 
hocked your ‘stamps’ and blew it in upon the Vamps. 
You could not sense these days so lean, when you were 
gasoline. When you were asked to please 
produce, you sputtered out, ‘Oh, what’s the use. You 


- loafed and stalled and dodged the boss and now have 


Economic Loss. 
“You now stand by the River Styx and you are in 
some damn bad fix. You can’t crank up the Henry now, 


YOUVE Got 
ONE cHANce! 


SS EDaay 


me 


( 
| 


A 
— 7 ReMe BRANCHTIELA—*2 


The After Effect 


load in the children and the frau and wave a silk-cuffed 
hand at Fate as you sail gaily out the gate. The country’s 
going on the blink; our ship of state is going to sink 
unless out of that cot you fall, spit on ‘your inane and 
hit the ball. 

el spoze I'll have to help you live, so a simple powder 
I shall give. One-half of it is common sense; the other 
half is confidence. If you'll take this and ley ory, 21 
think that you can still get by.” 


A man’s popularity can be measured by his prejudices. 


put 
S, 
NWT 


Answers to Last Month’s Questions 


1. Why is it that manufacturers of lead storage bat- 
teries insist upon the use of distilled water in flushing the 
cells? 

2. Two sets of batteries on the same train were flushed 
on the same date, but at the end of a month one set 1s 
down to the top of the plates, while the other set is still 
good for two weeks. If the lamp load is the same for 
both batteries, which set could be considered im normal 
condition? 

3. If no fuses are blown and the belt is O. K. on an 

axle generator equipment that is not working, what is the 
first test to be made to locate the trouble? 
gianna F. 

1. The reason manufacturers insist upon the use of 

distilled water for flushing cells is that tap, water may 
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contain impurities which are harmful to the cell. Such 
impurities will lessen the capacity of the battery and ruin 
it. The electrolyte must be free from certain impurities 
such as chloride, nitrate, iron, copper, arsenic and plati- 
num, although some impurities such as lead and calcium 
are not injurious. 

2. If both sets receive the same charging, the low 
electrolyte in one set would seem to indicate excessive 
gassing, so I would consider the other set in better con- 
dition. — 

3. I would test for “open” or loose connections which 
may be anywhere between generator and starter. 

Ate Eee: 
eee 

1. Distilled water is always free from impurities which 
are very liable to be present in practically all other kinds 
of water. Such impurities may not occur in large quan- 
tities and a single flushing of a set of batteries might not 
do particular damage. However, when the batteries are 
successively flushed with water containing impurities, 
even to a small extent, the total amount of foreign matter 
remaining in the batteries after many flushings becomes 
very appreciable and may be the result of permanent in- 
jury to the batteries. 

2. In all probability both sets of batteries are being 
seriously overcharged. When a battery is overcharged 
it gases and the gas given off is nothing but the decom- 
posed water. It would, therefore, seem that the batteries 
in question were being excessively overcharged and it 
would not be exactly proper to say that one or the other 
of the sets was the more normal. A battery which 1s 
operated without excessive overcharging does not require 
frequent flushing and may go as long as six months be- 
tween flushing periods. 

3. Since the belt is on and no fuses are blown it would 
seem that the trouble was either in the automatic switch 
or in the generator field circuit. The first test to be made 
would be to pull the main fuse and connect the lifting coil 
of the automatic switch to the battery to see if it closes 
properly. If it does, then look for open circuits in the 
generator field circuit. There may be an “open” in the 
carbon pile field resistance, in the wiring or even in the 
generator fields themselves. It not infrequently happens 
that a generator fails to work in one direction, but works 
properly when the car is moving in the other direction. 


Questions for June 


1. Is there any explanation for the magnetic storm and 
the Aurora Borealis which upset so many communication 
lines on May roth? 

2. If you have two field bars of e vactly the same size 
and appearance and only one of them is magnetized, how 
is it possible to determine which is the magnetized bar, 
keepimg in mind that nothing but the two bars are to be 
used for testing? 

3. When the battery on a car shows abnormally low 
voltage, is it better to test for dead cells before or after ut 
has been charged? Gg lool 6 St Ae 

ee 

4. Can you give me any information regarding the 
reconnecting of a 220 volt, 2 phase, 4 wire, 60 cycle im- 
duction motor so that I may use it on 440 volts of the 
same frequency? Wns Cee Be 


Lighting Fixtures for Heavy Duty Service 


The heavy duty lighting fixtures, shown in the photo- 
graph, have been developed by the Benjamin Electric 
Manufacturing Company of Chicago. The upper two 
illustrations show a sectional view of the construction of 
one of these units and the general appearance of the unit 
when equipped with the R. L. M. dome reflector respec- 
tively. As may be seen from the illustration in the upper 
left-hand corner, the fixture is constructed in two parts, 
the reflector screwing into the supporting hood. These 
units are of rugged construction and are particularly 
suitable for use in railroad shops, yards, roundhouses and 
similar locations. The threaded connection makes it pos- 


Heavy Duty and Gas Tight Fixtures 


sible to remove the reflector from the hood for cleaning. 
This arrangement also has the advantage that in the event 
it becomes expedient to install reflectors of a different 
type at a later date, the assembly can be readily made 
without in any way disturbing the original hood or 
wiring. 

The lamp socket which is installed in these hoods is of 
such design as to lock the lamp in place when once in- 
serted. Any attempt to remove the lamp without a proper 
key causes the locking attachment to instantly make a 
firm grip on the lamp base. The key which operates the 
lamp lock is inserted from below instead of from the side, 
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and thus the weatherproof qualities of the fixture are not 
impaired as there is no opening required in the side of 
the hood. 

The lower two illustrations show the heavy duty gas 
and vapor proof units of this line. The illustration on 
the left shows a sectional view of the unit and the con- 
struction may be readily seen in this photograph. Rubber 
gaskets are used as seals against gases and vapor, both 
in the upper part of the fixture, where the conduit 
entrance is located, and also in the lower portion where 
the vapor proof globe forms a gas tight joint. The re- 
flector screws into the hood in the same manner as was 
previously described in the heavy duty lamp. The gas 
proof globe is so designed as to screw inside the reflector 
and when in place seals the entire interior of the lamp 
space most effectively. 


Oil Stone Holder 


A self-cleaning oil stone holder has been placed on the 
market by J. A. Raught, Racine, Wis. As shown in the 
illustration, the device has steel pegs to prevent its sliding 
on the bench and knurled head scréws to tighten the oil 
stone in the holder. The stone is supported in the box 
by four pillars to hold it up out of the sediment. About 


Holder With Oil Stone in Place 


¥@ in. of oil is maintained in the holder, so that one side 
may be cleaned while the other is in use. 

By turning the oil stone over occasionally the operator 
always has a clean, sharp cutting surface. The holder is 
made of cast aluminum ground and buffed, also cast iron 
japanned or nickel plated. Boxes are furnished with or 
without covers as desired.. Various sizes are furnished 
to fit standard sizes of oil stones. 
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Portable Electric Track Drilling Machine 


An electric track drilling machine has been placed 
on the market by Black & Decker Manufacturing 
Company, Baltimore, Md., which may be used for 
drilling holes in rails for track bolts or rail bonding. 


The machine consists of a motor driven 
drill attached to a three-wheeled carriage. 4 
The eccentric support shown at the front a 


in the illustration makes it possible to ad- 
just the machine to drill holes in any part 
of the web of a rail. The operator, sitting 
on the seat, can control the motor by a / 


Machine in Position for Drilling Holes for Track Bolts 


trigger switch in his left hand and apply pressure to 
the drill feed lever with his right hand. One man 
can easily remove the complete apparatus from the 
track. As yet it has not been considered desirable to 
develop these machines for voltages such as used on 
electric railways, and the motors are furnished wound 
for 32, 110 or 220 volts. Power is supplied by a port- 
able farm lighting outfit or storage battery for the 32 
volt machine, and is obtained from some convenient 
electric light circuit for the 110 or 220 volt machines. 


New Tape for Armature and Field Coils 


A new dry insulating material, manufactured by the 

Res-Pro Insulating Co., Inc., known as “Voltape,” is at- 
tracting attention in the electrical field because of its 
unique construction, the variety of its uses, and its many 
advantages. Most of the tapes now used for binding 
armature coils have very slight insulating qualities until 
they have been dipped or treated with an insulating 
varnish. 
-Voltape is manufactured from an unwoven cotton 
base. Special carded cotton is impregnated with a Res- 
Pro insulating compound, and by a patented process, a 
tough and durable fabric is produced which, without any 
special treatment, has in a thickness of .007 in. a dielectric 
strength from 1200 to 1500 volts. It is furnished in all 
widths from 3 in. up. 

Some of the special advantages of this tape, in addition 
to its high dielectric strength, are that it will absorb abou 
the same amount of varnish as cotton tape, it has no sel- 
vedge edge, and a coil taped with voltape may be ham- 
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mered into an armature slot without injury. This ma- 
terial has a slight stretch which enables it to form tightly 
around corners in a compact manner. 

Louis O. Duclos, Boston, Mass., is the execlusive selling 
agent for the company. 


Butt-Welding Machine for Drills 


A machine for flash welding of high-speed steel, which 
will handle stock from % to 34 in. in diameter, has been 
developed by the Winfield Electric Welding Machine 
Company, Warren, Ohio. The machine has a self-con- 
tained, 6-step regulator and a 15-kw. transformer. A 
switch is located on the hand lever which is operated 
semi-automatically. The switch is set by a thumb latch 
on the lever and is tripped automatically after. the weld is 
made. The lower dies are copper and the upper dies tool 
steel. All of the copper terminals are water cooled and it 
is not necessary to break the water connections when the 
dies are changed. 

The work is clamped by hand in dies located at the 
front of the machine and a single toggle hand lever is 


Type B6 Butt-Welding Machine for ™%-In. to 34-In. Drills 


used for upsetting the weld. The left-hand slide is ad- 
justable to permit alining of the work and to regulate the 
amount of take-up in the weld. Adjustable stops are 
provided for backing up the work. 

The machine is said to be so constructed that the small 
particles formed by the flash cannot get into the movable 
parts and bearings. The upsetting slides are faced with 
hardened steel plates. All movable bearings have hard- 
ened steel bushings and pins, and are protected by felt 
wherever possible. The dies are set at the front of the 
machine so that the flash is away from bearings and 
slides. The clamping levers are placed back of the dies 
and clear of the flash, and clamp the work by means of 
hardened steel cams. 

One set of four welding dies are provided. The ma- 
chine occupies a floor space 42 in. by 40 in., is 56 in. high 
overall and the diés are 36% in. above the floor. The ma- 
chine complete weighs about 1,000 Ib. 
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The shops of the New York Central R. R. at Elk- 
hart, Ind., will be reopened July 5, it is reported, on a 
piece-work basis. 


Delaware, Lackawanna & Western.—According to 
a report of President W. H. Truesdale, work will start 
soon on the electrification of the Delaware, Lackawanna 
& Western R. R. 


According to the Guaranty Trust Company an elec- 
tric railway line from Siangtan to Changsha, China, a 
distance of 30 miles, is under consideration. Plans in- 
clude the possible purchase of fifteen cars. 


The Chicago, Milwaukee & St. Paul is converting a 
number of sleeping and parlor cars into open top ob- 
servation cars to be used on the company’s electrically 
operated lines in the Rocky and Cascade Mountains. 


At Island Pond, Vermont, on May 13, the entire 
crew of a freight train of the Grand Trunk was ar- 
rested, together with another man, on charges of 
smuggling liquor into the United States from Canada. 
Customs officers are said to have surprised the gang, 
in a secluded spot, unloading liquor from the train 
into automobiles. 


Economy Fuse & Manufacturing Company of Chi- 
cago, manufacturers of renewable type cartridge and plug 
fuses, is announcing a sweeping reduction in prices of 
Economy renewable fuses and “drop out” renewal links. 
The cut in price is made possible chiefly by the increased 
manufacturing facilities of the new plant on Greenview 
avenue at Diversey Parkway. 


The American Electric Railway Association will 
hold its annual convention at Atlantic City, N. J., in 
the week beginning Monday, October 3, in the 
spacious and beautiful building which has just been 
completed on the boardwalk at North Carolina ave- 
nue immediately in front of Haddon Hall. The ex- 
hibits this year will be omitted. 


The Association of Railway Electrical Engineers 
will hold its annual convention at the Hote] La Salle, 
Chicago, IIl., from Tuesday, October 18, to Friday, Octo- 
ber 21. The board of directors, because of 2.:ncial stress 
and serious business conditions, has determined that it is 
necessary to cancel the semi-annual meeting which is 
usually held at Atlantic City in June. 


The Electric Service Supplies Company, 'Philadel- 
phia, will act as exclusive selling agent for the Peerless 
Equipment Company of Hanover, Pa., manufacturers of 
Peerless Armature Repair Machinery and Serure Coil 
Winding Tools. Heretofore Peerless Armature Tools 
were manufactured by the Manley Manufacturing Com- 
pany, York, Pa., and Segur Coil Winding Tools were 
manufactured by the Electrical Manufacturers Equipment 
Company, Chicago. 
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Wireless Progress in Finland.—Finland, which has 
hitherto had only a small 3-kw. wireless station with 
a range which would not carry messages much be- 
yond Copenhagen, has just installed two new stations 
at Helsingfors, a 25-kw. Daniel-Poulsen system and a 
35-kw. Marconi system, which will enable communi- 
cation to take place with the whole of central Europe. 


Wireless Between Italy and United States.——Ac- 
cording to an announcement made recently at Rome 
by the Marquis di Solari, work will soon be begun ona 
powerful wireless station near Pisa for regular com- 
munication with the United States. Operation of the 
plant in 1922 is hoped for, the Marquis said in an 
address before the Italo-American Association. | 


The portrait of the owner will be required on com- 
mutation tickets of the Long Island Railroad if the 
company carries out its conditional proposal announced 
last month in notices to passengers. These tickets are 
very frequently used wrongfully by persons who do 
not own them, and the.company has appealed to all 
ticket holders to use their influence to stop this un- 
lawful practice. 


Large Rail and Electrical Projects at London. A 
scheme has been proposed for a circular railway round 
London at a distance of about twelve miles from the cen- 
ter. Plans are also in an advanced stage for a new “tube” 
railway for the metropolis, running from the city south- 
wards to the Crystal Palace district. More extensive plans 
are under consideration by the Ministry of Transport for 
the electrification of main line railways. 


Radio Service Between Chicago’s High Schools.— 
Chicago’s twenty-two high schools are, according to 
the Wireless Age, to be equipped with radio-telephone 
and radio-telegraph instruments. This school system, 
the first of its kind, will be installed at a cost of about 
$50,000 and will make it possible to transact virtually all 
inter-high-school business by radio. Stations have al- 
ready been established at two of the schools, the tele- 
phones having a day range of about 100 miles for the 
transmission of intelligible speech and the telegraph in- 
struments a day range of approximately 200 miles. 


The Rome Wire Company, Rome, N. Y., has added 
weatherproof wire to its manufacturing schedule, and 
its new weatherproof wire mill is now completed and — 
in operation. This plant is two stories in height, 125 
ft. x 325 ft., with floor space of 81,250 sq. ft., bringing ~ 
the company’s total floor space to 1514 acres. The 
new product rounds out the company’s line of cop- 
per rods, bare and tinned copper wire, stranded 
cables, rubber-covered wires, magnet wires and 
weatherproof wires. It is the intention to carry large 
stocks of rubber-covered and weatherproof wires in 
the Rome warehouses at all times. 
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Interesting facts concerning the radio megaphone 
developed and arranged by Prof. Alfred N. Goldsmith 
of the College of the City of New York are printed in 
the Wireless Age, which says this instrument is the 
result of fourteen years of diligent research in the col- 
lege’s department of electrical engineering, no claim 
to invention of the apparatus being made by Profes- 
sor Goldsmith. The new amplifier, the Wireless Age 
says, is distinguished from others by its extreme sen- 
sitiveness, its reliability, the high power of its ampli- 
fication, the*evenness and clearness of its tones and its 
ability to receive from long distances. With it mes- 
sages passing between Nauen, Germany, and New 
Brunswick, N. J., Stavanger, Norway, and Marion, 
Mass., Lyons, France, and Tuckerton, N. J., Carnar- 
von, Wales, and New Brunswick, N. J., are heard at 
the college station with great distinctness. A com- 
mercial advantage of the apparatus is that by its use 
the cumbersome head harness worn by wireless oper- 
ators becomes unnecessary. 


South African Railway Electrification 


The Office of the High Commissioner for the Union of 
South Africa, Trafalgar Square, London, W. C. 2, En- 
gland, has announced that the time limit for which all 
tenders regarding the electrification of the Capetown- 
Simonstown and Durban-Maritzburg Lines, has been ex- 
tended to noon, July 5, 1921. 


Electrification in Philippines 


The Manila Railroad Company is planning the elec- 
trification of its lines, according to information made 
public by the Philippine Government Commercial 
Agency. The power is to be developed from the Agno 
river in Central Luzon and a thorough topographical 
survey of the power site is being made under the 
direction of the company. 


New York Electrical Society Elects Officers 


At the annual meeting of the New York Electrical 
Society, held on June 3, 1921, at 4 p. m., in the Engineer- 
ing Societies building, 29 West 39th street, the following 
officers were.elected for 1921-1922; president, C. G. 
Young; vice-presidents, F. B. Colt, Ernst Woltmann, 
O. A. Kenyon; secretary, George H. Guy; treasurer, T. 
F. Honahan. 


Money Talks 


The Narragansett Pier Railroad, an eight-mile line in 
Rhode Island, which has been threatened with insolvency 
because of the competition of an electric line and automo- 
bile trucks, and from other causes, is to be kept running 
by the aid of contributions from two towns on its line. 
The president of the road having explained the situation, 
and the dependence of the towns on the road for the 
movement of coarse freight being clearly realized, town 
meetings unanimously voted specific appropriations, The 
town of Narragansett appropriated $5,000 and South 
Kingstown $10,000. By agreement with the road each 
town appoints a citizen to sit with the board of directors 
of the company. It is understood that the company 
agrees to continue operation at least until March 28, 1922, 
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and to declare no dividends prior to that date. The road 
has three locomotives, and its line connects with the New 
York, New Haven & Hartford at Kingstown (township 
of South Kingstown). 


New Swiss Radio Station 


In order to comply with the terms of the concession 
granted by the Swiss Federal Government to the Marconi 
Radio Station, Ltd., of Switzerland, the company 
must construct a high power radio station and have it in 
service near Muenchenbuchsee in the Canton of Berne 
before next September. According to the Swiss General 
Telegraph Bureau the contract calls for a station having 
a sending range of 2,000 miles. The duration of the 
concession to the Marconi company will be for 25 years. 
The requirements of the concession are that only Swiss 
shall be employed and that all equipment and material 
used. in the construction and maintenance of the station 
shall be of Swiss manufacture. Furthermore, should 
conditions arise in the country at any time that make it 
desirable for the government to direct the operations of 
this station, the federal government reserves the right to 
confiscate the equipment. 


Careful Automobile Drivers 


The Baltimore & Ohio began its campaign to en- 
lighten automobile drivers in November, 1919, and the 
four million notices distributed since. then, through 
the co-operation of state officers, and others, are be- 
lieved actually to have reduced carelessness at cross- 
ings. About 100,000 observations have been made, 
and the percentage of automobile drivers who do not 
observe safety rules at crossings is smaller than it 
was in 1919. In January of this year, with 8,000 ob- 
servations, the failures were five per cent; in Febru- 
ary, 17,000 observations, failures four per cent; and 
in March, 23,000 observations, failures six per cent. 
Two years ago these percentages were about 25, and 
in 1920, 16 per cent. Non-observance of safety rule 
is, wherever possible, called to the direct attention of 
the driver; and the campaign is to be kept up with 
full vigor. 


Safety Engineers Meet 


The subject at the monthly meeting of the American 
Society of Safety Engineers, which was held on the 
evening of May 27 in the Engineering Societies building, 
New York City, was “Electrical Hazards and Their Safe- 
guards.” The program consisted of three papers which 
covered various phases of electrical work. The first 
speaker, H. S. Balliet, assistant terminal manager, Grand 
Central Station, presented a paper dealing with terminal 
equipment of the New York Central Railroad entering 
New York City. Mr. Balliet, with the use of lantern 
slides, showed how many safety devices were used in the 
reconstruction of the New York terminal system, and de- 
scribed methods and apparatus which expedite the move- 
ment of traffic into the Grand Central Terminal and make 
for safe operation. He pointed out the need for screens 
and fences as a protection around such devices as trans- 
formers and bridges, and stated that all high tension poles 
would be stenciled to warn against danger of anyone 
climbing them. He advocated protection to workmen on 
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all electrical circuits of 220 volts or over and said that 
the “safety first” slogan is probably the greatest of safe- 
guards. 

C. O. Van Dannenberg and W. W. Samuels, electrical 
engineers for the J. G. White Engineering Corporation, 
discussed the subject of high tension electric generation 
and transmission. Among the more important points 
discussed under this subject were the proper location and 
operation of high tension sectionalizing switches. ‘The 
subject of maintenance of transmission lines under op- 
eration was also discussed and numerous tools were de- 
scribed which permit linemen to make taps and replace 
defective insulators with perfect safety on live lines. 
Various means of grounding high tension circuits were 
taken up and the safety features of each pointed out. 

The safety which surrounds the operation of shop mo- 
tors was briefly and clearly described by L. E. Smith, 
electrical engineer for the General Electric Company, 
whose subject was “Small Motor Problems and Indus- 
trial Control Equipment.”” Mr. Smith described the vari- 
ous types of safety switches used in connection with in- 
dustrial motor equipment and explained in some detail 
the advantages gained from the use of these modern 
appliances. 


Personals 


Reinier Beeuwkes, electrical engineer of the Chi- 
cago, Milwaukee & St. Paul, has been granted a leave 
of absence for several months and has gone to South 
America with his family. 


Frank Julian Sprague, who is frequently spoken of 
as the “father of electric traction,’ was awarded the 
Franklin medal by the Franklin Institute on May 19. In 
addition to his pto- 
neer work with the 
electric motor, Mr. 
Sprague has had a 
hand in a large part 
of the electric railway 
development which 
has occurred in this 
country. He was 
graduated from the 
United States Naval 
Academy in 1878 at 
thevave of.21 ites 
five years of service 
with the Navy he re- 
signed to join the 
technical Sstait OL 
Thomas A. Edison, 
and in this capacity 
his duties related 
principally to lighting matters, to which he made several 
important contributions. His main interest, however, was 
early centered in the application of electricity to power 
purposes, both industrial and for traction, and in less than 
a year after he had joined the forces of Mr. Edison, he 
organized a company of his own for the further develop- 
ment of motor application. His enthusiasm and energy 
‘enabled him to overcome many heartbreaking obstacles 
and his work developed logically along the lines, first of 
the application of new types of the electric motor to gen- 
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eral industry, and then successively to the trolley, rapid 
transit and steam railway electrification. Mr. Sprague 
also developed an electrical system of elevator drive and 
control, the problems of which were similar to those of 
traction. At the present time he is interested in a system 
of speed control and automatic brake application on steam 
trains. 

During his busy career, Mr. Sprague has been honored 
in many fields. At the Paris Exposition in 1889 he was 
awarded a gold medal. Again in 1904, at the Louisiana 
Purchase Exposition, he was awarded the grand prize, and 
also in 1910, from the American Institute of Electrical 
Engineers, of which he is a past president, Mr. Sprague 
received the Edison medal “for meritorious achievement 
in electrical science, engineering and art, as exemplified 
in his contribution thereto.” He is also a past president - 
of the American Institute of Consulting Engineers, the 
New York Electrical Society and the Inventors’ Guild, 
and during the war was a member of the Naval Consult- 
ing Board. He has also acted as a consultant on some 
of the most important electrification projects. 

The Franklin medal, which is one of the highest world 
awards, is the second medal awarded to Mr. Sprague by 
the Franklin Institute, the former being the Elliott Cres- 
son medal, which he received in 1904 for his development 
of the multiple-unit system of railway control. The 
Cresson medal is awarded annually “to those workers in 
physical science or technology, without regard to country, 
whose efforts have done most to advance a knowledge of 
physical science or its application.” It was given to Mr. 
Sprague in recognition of his many important inventions 
in the electrical field, the more notable of which are his 
contributions to the development of the electric motor, 
its application to industrial purposes and to the art of 
electric traction. * 

F. H. Wilkins, European general manager of the In- 
ternational Western Electric Company with head- 
quarters in London, has been elected a vice-president 
of his company. Mr. Wilkins entered the employ of 
the Western Electric Company forty years ago, 
eventually becoming manager of its New York branch. 
In 1910 he went to Europe to look over foreign trade 
conditions and a year later was made European gen- 
eral manager of his company. 


Trade Publications 


The Condit Electrical Manufacturing Company, South 
Boston 27, Mass., has placed on the market its 
type D-17 oil circuit breaker with resiliently sus- 
pended tanks in single units up to 1,200 amp. at 15,000 
volts and up to 800 amp. at 25,000 volts. 

The Ohio Brass Company, Mansfield, Ohio, has issued 
a new catalog, No. 18. The catalog is in the form of a 
clothbound volume, 6 in. by 9 in., and contains illustrated 
descriptions of all of the products of this company: por- 
celain insulators, pole hardware, trolley materials, caten- 
ary materials, bonds and tools, third-rail insulators and 
car equipment. 

Electrical plant accessories for 110-volt circuits, such 
as battery charging, rheostats, circuit breakers, resistor 
units and rheostats, are described in Circular 504, issued 
by the Ward Leonard Electric Company, Mt. Vernon, 
IN. Ye 
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The relation of railroad electrification to power supply 
is now causing much discussion. As much equipment as 


practicable should, of course, be 

Electric standardized and it is contended by 

Power for the advocates of direct current for 
Traction railroad operation that 60-cycle alter- 


“nating current, the use of which is 


increasing rapidly, will some day be universally adopted 
for power development in this country and that we must 


look forward to the time when all power for electric 


traction must be derived from 60-cycle, three-phase alter- 


frequencies and if the power for traction is 


natine current feeders. The advocates of alternating 
current power for traction purposes are naturally opposed 
to this contention, for 60-cycle power supply involves the 
use of rotating machinery in the substations of railroads 
using alternating current on the trolley. Alternating cur- 
rent motors for 60-cycle power are not as_ suit- 
able for railroad traction as those designed for lower 
de- 


veloped as single-phase power at some lower frequency, 


such as 15 or 25 cycles, the substations be- 
come simple transformer stations. Rotating maciinery, 
or perhaps some form of arc rectifier, is always necessary 
in substations supplying power to a direct current trolley. 


_ Either kind of power for traction may prove to be gen- 
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erally superior to the other but that is still a mooted ques- 
tion. 

It is pointed out by F. H. Shepard, director of heavy 
traction, Westinghouse Electric & Manufacturing Co., 
in an article in this issue, that it is not desirable to super- 
impose a variable railroad load on a lighting supply cir- 
cuit which requires close regulation. To this it might be 
added that recent experiments indicate that for very high 


_yoltage, long distance transmission, it may be found 
necessary, due to physical difficulties, to develop power 
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at some frequency less than 60 cycles. Advocates of al- 
ternating current power for traction lay great stress on 
the point that sufficient power for heavy and concentrated 
traffic movements can be supplied only by alternating 
current. This may prove to be true, but up to the present 
time direct current power has been able to meet all such 
demands of load that have been imposed upon it. In 
other words there are still too many variables involved 
to warrant curtailing the development of either kind of 
power for traction. It is highly probable that both kinds 
will be adopted as they have been in the past, except that 
the choice will be based more in the future on conditions 


of traffic and profile instead of being governed by laws 


and other extraneous influences which had much to do 
with the selection of equipment for the earlier installa- 


tions. Railroad operating requirements should be of 
primary importance and special features of equipment 
should be subordinated to them. 


It is becoming more and more the practice to suspend 
car lighting generators from the body of the car rather 


than from the truck. There are 

The Demand many advocates of both methods of 
of the suspension and it is still a much dis- 
Future cussed question as to which is the 


better system. Truck mounted ma- 
chines have the advantage of shorter belt and the in- 
herent property of keeping both axle and generator pul- 
leys in line when going around curves. On the other 
hand, the body hung machine is higher above the road- 
bed and is consequently further removed from the in- 
jurious contact of dirt, gravel, snow and ice. The body 
suspended machine requires a longer belt, however, and 
the axle and generator pulleys are not in line on curves. 

It does not require much consideration to conclude 
that neither the truck mounted machine nor the body 
hung outfit is the ideal solution of the generator ques- 
tion. The one big outstanding factor in the cost of car 
lighting maintenance is the belt. Not only is the belt 
operation liable to be faulty in bad weather, but the loss. 
of belts runs into very appreciable amounts. Car light- 
ing equipment has been brought to a remarkable degree 
of perfection and it would seem that there was little left 
to be desired in the way of service that could not be ac- 
complished. What development lies in the future must 
be by way of economies effected and in this direction no 
factor is deserving of more attention than the elimination 
of the belt drive. 

The idea of generators being directly driven from car 
axles by means of various mechanical devices other than 
belt is not new. Experiments have been tried on a small 
scale and have demonstrated that the belt can be elim- 
inated. It is true that the substitution of some sort of 
direct drive in place of the belt would involve a large 
initial expense, but it is also true that such expense might 
be more than offset by the saving in belt maintenance, 
both for material and labor. It requires courage to make 
radical changes in established practices with the hope of 
ultimately gaining in economy of operation. Nevertheless 
it is reasonably certain that the belt drive will not always 
be tolerated. Progress in «ny art demands improvement 
and betterment and the time has come whet car lighting 
men should give earnest consideration to the shortcomings 
of the belt drive, and be courageous enough to make a real. 
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effort to substitute a more enduring and more efficient 
means of transmitting power from the car axle to the 
generator. 


The correct lighting of railroad buildings is a subject 
upon which too much cannot be said, for there are many 
such buildings in which the lighting 


Properly is totally inadequate. To be sure, 
Lighted there are notable examples of first- 
Buildings class lighting on some roads and 


these serve very largely to empha- 
size the lack of proper illumination on the others. The 
truth of the matter 1s that it is not commonly known what 
really constitutes good lighting, nor by what type of unit 
it may be secured. Those who are responsible for rail- 
road lighting frequently realize that an abundance of 
artificial light is a requisite and try to meet the need by 
installing larger units and more of them. This might 
almost seem to be sufficient, but it does not always prove 
to be the case. It is quite possible to install lighting units 
capable of giving more light than is needed and yet be 
wholly unsuited to meet satisfactorily the requirements. 
Usually the installation of lighting units calls for a care- 
tul study of all the conditions which obtain in the build- 
ing to be lighted, and it is only after such a consideration 
that a thoroughly successful lighting system can be laid 
out. In this issue of the Railway Electrical Engineer, 
J. H. Kurlander, of the Edison Lamp Works at Harri- 
son, N. J., presents an article on the electric lighting of 
railway buildings, in which the requirements are pointed 
out together with the means used to meet them. Photo- 
eraphs of some excellently lighted shops show conclu- 
sively what can be accomplished when the proper thought 
is focused upon the subject. As railroad buildings on 
different roads are quite similar in design, valuable sug- 
gestions may be obtained from this article. 


Although there is no scarcity of weiding operations per- 
formed by the metallic are process, the older method 
using the carbon arc has been largely 


Carbon relegated to the background. It will 
Arc be recalled that carbon arc welding 
Welding was used as early as 1881, although 


we are inclined to look upon the ad- 
vent of are welding as a much more modern development. 
The truth is that such developments as have been made 
in the welding art in the past few years have been largely 
in connection with the metallic arc. Real progress has 
been made and to sttch an extent. that metallic arc 
welding is assured a permanent place in the industrial 
world. 

On the other hand, it should not be forgotten that there 
are jobs which can be done more economically and ad- 
vantageously by the use of the carbon arc. This applies 
principally to greater speed in building up work and to 
lower costs on heavy work. The fact that the work is 
performed by a carbon arc has given rise to a belief 
that the metal applied carried carbon into the 
weld. This belief does not appear to be sustained, how- 
ever, as the welded parts are easily machined which 
would not be the case if any excessive amount of carbon 
were present. Moreover, the carbon are can be used in 
welding copper with complete success. 
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It will be seen, therefore, that not all of the advantages 
lie with the metallic arc process, and in general it may 
be said that each kind of welding has its own field for 
which it is best suited. It does not always pay to be such 
a devotee to one particular method as to overlook real 
economy that may be readily enjoyed by digressing from 
the beaten path. 


In spite of the fact that the Transportation Act of 1920 
calls for the consolidation of the railroads of this country 
into a limited number of large sys- 


Toning Up tems inere are reasons to question the 
the wisdom of this action. A survey of the 
Organization — field indicates that some of our best 


operated-and strongest roads are less 
than one thousand miles in length. There may be many. 
reasons for this, but one thing is certain that the chief 
executive is better able to project his personality down to 
the ranks than in the case of the larger systems. The 
railroads of this country have developed rapidly in recent 
years and ofttimes the chief executive is entirely too far 
removed from the subordinate officers to get the best 
results. 

The railroads in this respect are not very different 
from the large industries. The latter, however, in many 
instances have taken steps to offset the difficulty by mak- — 
ing a bigger man of the foreman and giving him a better 
insight into the policies of the institution. After all it is 
the foreman who represents the company in dealing with 
the men. If the foreman and subordinate officers are 
not carefully trained and advised as to the policies of the 
company and the reasons fur doing things a certain way 
they can hardly represent the company to advantage. 
This has been the cause of countless misunderstandings 
with the men, resulting, in many cases, in loss in the 
morale and lowered standards of workmanship. Now 
that the railroads are going through a period of reorgan- 
ization and are getting ready for the larger tasks which 
lie before them it is important that steps be taken to 
strengthen the hands of the foreman and to give more 
consideration to the selection and recruiting of the forces, 
and the training of the men and their promotion. 

The foremen must be selected, developed and educated 
on a different basis from practices which have been fol-_ 
lowed in the past. 


New Books 


The Electrification of Railways. By H. F. Trewman. 
Isaac Pitman & Sons, Ltd., London and New York, 1920. 
78 pages, 4x9 in. Bound in cloth. 


Published by Sir 
(Pitman’s tech- 


nical primer series.) 

This little volume is an outcome of the discussion as 
to the advisability or otherwise of electrifying the 
railroads of Great Britain, a subject of general inter- 
est because of the necessity for relieving railway con- 
gestion and utilizing coal in the most economical man- 
ner. Without going into technical details covered in 
the books on electric traction, the author brings for- 
ward the commercial aspect of the matter and calls 
attention to some of the main questions to which at- 
tention must be paid. Sufficient electrical informa- 
tion is given to enable these points to be understood 
by readers who are not electricians, as well as those who 
are familiar with electrification problems. 


Railroad Electrification at High Voltage 


Alternating Current Equipment—Its Development and 
| Relation to Power Supply 


By F. H. Shepard 


; Director of Heavy Traction 
Westinghouse Electric & Manufacturing Company 


HE overhead trolley is now accepted 
T as the standard contact system for 

American railroad electrification, 
ind, in fact, is the only contact system suit- 
ible for high voltage. The expansion of 
the use of electric power has been essen- 
dally due to the use of high, and still higher 
voltages. How, pte can we hope for Train on Loetschberg Railway, Switzerland, Hauled by 15,000 Velt, 2,500 hp. Locomotive 
Meerifcation in its highest estate without 


recourse to high, and still higher voltage on the current at very low frequency. 


While this experiment 
crolley ? 


was successtul from the standpoint of motor design, the 
The first use of electric power for full size railway development of the alternating current system lay dor- 
rains was on the Baltimore & Ohio tunnel in 1895. The mant for a number of years, ow ing to the great pressure 


sommutment for this had been made as early as 1891, of other development. Mr. Lamme, about 1900, in order 
when the Baltimore tunnel was under construction. This to respond te the increasing demand for a high voltage 


trolley, resumed his consideration of this development, 
and, in 1901, a contract was taken for an interurban 
installation for the railway line which was projected 
between Washington and Baltimore. The first public 
announcement of this. was made in Mr. Lamme’s paper 
before the American Institute of Electrical Engineers in 
September, 1902, and was received with great enthusiasm 
throughout the technical world. The equipment was 
built, but never installed, owing to the financial difficul- 
ties which prevented the completion of the construction 
of the railroad. This equipment comprised four 100 h.p. 
motors at 16 2/3 cycles, with 1,100 volts on the trolley, 
the motor voltage of 220 being derived from a trans- 


First Experimental Single-Phase Car, Pittsburgh, Pa., 1892 


speration was heralded ‘as “Railway Electrification,” and 
he success of these locomotives led to popular references 
‘o the “death knell of the steam locomotive.’’ Subsequent 
ustory has shown how far afield these popular references 
were. 

The various studies and consideration for extensive 
‘lectrification always led to the economical necessity that 
he contact system be operated at some high voltage. A First Experimental Single-Phase Locomotive for Heavy Haulage, 
iumber of studies were made in which aha. -phase work- Bast itt sburg itm ai e100 
ng conductors were considered. One of the most impor- 
ant of these was that for the Cumberland grade of the 
3altimore & Ohio by Messrs. Duncan and Peterson! 
n 1896. The first extensive application of this three-phase 


See 02 Fe Valtellina Railroad in Italy in 1901. single-phase system led to immediate activity by other 
Alternating Current Tried in 1892 manufacturers throughout the world. This comprised 

As long ago as 1892, Benjamin G. Lamme had experi- that of the General Electric Company, with a repulsion 
nented with a commutator type motor, using alternating type of motor, described in the paper of W. I. Slichter, 


former carried on the car. This equipment was run on 
a test line at East Pittsburgh, and operated with entire 
success. 

The endorsement this practical undertaking gave to the 
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before the A. I. E. E. in 1904; the Winter-Eichberg 
armature excited repulsion motor; the Siemens’ series 
motor and the series motor of the Oerlikon Company, as 
well as numerous alternatives, such as the Finzi, Deri, 
Latour and others. The enthusiasm with which the alter- 
nating current motor was embraced has unfortunately 
proved to be a serious handicap to its actual development 
and use. This is due to the fact that many of the early 
applications were made with equipment of insufficient 
capacity, undeveloped design, or untried features of that 
period, which had no place in regular operation. The 
voltage of the trolley increased to 3,300, 6,600, 11,000 and 
even to 16,000 volts; the frequency was 15, 16 2/3, 25 
and 42 cycles. 


Results of Early Application 


Most of these installations were designed to accomplish 
service comparable to that performed on the interurban 
railways, and as it was possible to maintain schedules far 
in excess of the capacity of the motors by voltage control 
of the single-phase equipment, the motors were almost 
always outrageously overloaded. This has been the 
principal reason that the maintenance costs were ex- 
cessive. 

At this time, with direct current, the practical limit of 
voltage supply was that for the motor—then, 550 volts. 
To raise the supply voltage, alternating current was 
adopted as the only available means. 

The handicap imposed by the combined operation over 
direct current lines ultimately led to the replacement of 
some of this equipment with direct current at 600 and 
1,200 volts. 

The legislation compelling the use of vaporless traction 
in the Fourth Avenue tunnel leading to the Grand Cen- 
tral Terminal at New York, compelled the adoption of 
electric:service for that operation. While the New York 
Central adopted the third-rail system, the New York, 
New Haven & Hartford, which was under legislative 
restriction prohibiting the use of the third rail in the state 
of Connecticut, decided to use an alternating current sys- 
tem with 11,000 volts on the trolley as that which prom- 
ised to be the most suitable for its requirements, with 
special reference to the needs for the future. 

The Westinghouse Company had, in the meantime, 
through its study of the electric service for the St. Clair 
tunnel, developed a 120-ton locomotive, which had been 
operated experimentally at East Pittsburgh with satis- 
factory results. This experiment settled the questions 
of the effect of pulsating torque upon adhesion, commu- 
tation of large motors, and the various questions of con- 
trol. The use of the overhead trolley on the New Haven 
led to a controversy, which oftentimes took the nature 
of the burlesque, regarding the relative virtues of direct- 
current third-rail versus the alternating-current trolley. 

The New Haven undertaking was a courageous one, 
comprising in its initial installation thirty-five 1,000 h.p. 
passenger locomotives, capable of operating at speeds up 
to 80 miles an hour. These were originally laid out as 
the geared type, but owing to the preference for the 
gearless the locomotives as constructed were of that type, 
with the resulting increase in weight entailed. The de- 
sign of this locomotive was further involved, due to the 
undertaking to operate over the direct current third rail 
into the Grand Central terminal. This installation, in 
many respects, was truly a pioneer one, involving the 
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determination of many features which had previously 
been untried. Among them were the following: | 


1. The generation of single-phase power in large steam turbo 
units. 

2. The installation of high voltage trolley exposed to the con- 
tinued exhaust from steam locomotives. | 

3. The installation of an overhead conducting system on a four-_ 
track railroad. 

4. The development of a selective system of circuit breaker 
protection to handle short circuits of high capacity and great 
frequency compared to the commercial service then accomplished. 

5. The first use of gearless single-phase motors. | 

6. The combined use of alternating current and direct current 
on locomotives. 

7. The inauguration of a service without the trial period of 
elements included in power house, line and locomotive. 

8. The extensive undertaking of electric service by a steam rail- 
road organization. 


The result of the New Haven installation was to estab- 
lish the sufficiency of an overhead trolley at high voltage 


Electric Passenger Train on the New York, New Haven & Hartford 


for railroad service. There was demonstrated as well, 
the flexibility of alternating current in railway service. 
This service developed, on a considerable scale, the vari- 
ous conditions which are necessary to satisfy the suc- 
cessful operation of an alternating-current system. In- 
the case of the generating plant, it was shown that dam- 
per construction was necessary on generators and that 
circuit breakers of greater capacity and more rugged type 
were required. For the line, there was shown the type of 
installation necessary to withstand the exhaust of the 
steam locomotives, and also that the initial requirement 
for mechanical strength in the overhead conducting sys- 
tem was far less than anticipated, and, furthermore, that 
great attention should be given the question of flexi- 
bility at the traveling point of contact. On the locomo- 
tives there was developed the need for greater ruggedness | 
in switches, auxiliary parts and connections, as well as 
certain changes in the mechanical parts of high-speed 
electric locomotives. The greatest handicap to the most 
successful operation and one which still prevails, is that 
due to overloading the equipment. This has apparently 
been difficult, if not impossible, to prevent, and prevails | 
even to this day to an unfortunate extent. The education | 
of the operating forces on steam railroads has, however, 
been progressing, and it will undoubtedly follow that | 
railroad electrification in the future will recognize the 
inevitable fact that electrical apparatus of no kind or type 
can be overloaded without undue cost for maintenance. 
Owing to the accepted advantage of a high voltage 
trolley, and due to the activities of Frank J. Sprague, 
complemented by those of James Bryan, the equipments 
for 1200-volt direct current operation for the Pittsburgh, | 
Harmony & New Castle Railway were built in 1906 and | 
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placed in operation in 1907. These equipments were 
built by the General Electric Company of America. Pre- 
‘vious to this time, there had already been placed in 
operation, in Europe, equipments at 850 and 1,000 volts 
direct current. The voltage of 1,500 volts was developed 
Nater by the Westinghouse Company for the Piedmont & 
Northern and the Southern Pacific Company. The over- 
head trolley at 2,400 volts was used on the Butte, Ana- 
‘econda & Pacific with 80-ton locomotives, and in 1916, 
‘the Chicago, Milwaukee & St. Paul inaugurated its not- 
‘able installation of 440 miles across the Rocky mountains 
at 3,000 volts direct current. 


The Use of High Voltage Alternating Current for 
Traction in Europe 


In Europe, following the initial development of 1904, 
there has been carried on a comprehensive analysis of 
high voltage railway electrification with the use of alter- 
mating current and also with direct current. In Swe- 
den, comparisons were made with direct current 
yoltage as high as 4,000 volts on the trolley. Decision 
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In France, subsequent to the decision of the Midi Rail- 
way to electrify with single-phase, there followed a con- 
troversy with the post and telegraph department of the 
government which has finally led to the decision to use 
1,500 volts direct current with a third rail conductor as 
a standard for all the railways in France. 

In Engtand, 1,500 volts direct current with third rail 
has been adopted as the preferred type, the overhead 
construction being considered impracticable for general 
use on account of the limited overhead clearances, al- 
though in England the most extensive electrification, that 
of the London, Brighton & South Coast, will be con- 
tinued with extensions of the single-phase trolley. In 
Belgium and Holland, the importance of multiple unit 
service with small distances and light trains has led to a 
decision to use 1,500 volts direct current; in Belgium, 
with third rail, and in Holland, with the overhead trolley. 


Present Conditions in America 


In America, the commission of the Pennsylvania Rail- 
road, after nearly two years’ investigation, decided to 


A 15,000-Volt, Single-Prase Locomotive in Service in Lapland, Sweden, 1920 


imas followed in the case of. Sweden, Norway, 
Germany, Austria and Switzerland to standardize upon 
15,000 volts, single-phase, at 15 and 16 2/3 cycles, and 
there are now in operation approximately as follows: 
In Sweden, 300 miles of track, with 125 miles under 
construction; in Norway, 60 miles, with 50 miles under 
construction; in Germany, 600 miles, with about 100 
‘miles under construction; in Austria, 200 miles, and in 
Switzerland, 300 miles, with 300 miles under construc- 
tion. 

In Italy, following the successful operation of the 
/Valtellina Railroad, there has been constructed about 
600 miles using three-phase at 3,300 volts, and this has 
|been settled as standard for all the heavy railroad opera- 
‘tion in Italy, which includes practically the whole of 
‘northern Italy. For the lines of light traffic, considera- 
tion is being given in Italy to the use of 42 cycles and a 
higher voltage trolley, and also to a transmission system 
for both railroad and commercial use, with possibility 
‘of high voltage direct current on the trolley. 


use the alternating current trolley at 11,000 volts and 25 
cycles. There followed the electrification of the Philadel- 
phia terminal at Broad Street, which includes suburban 
service as far as Chestnut Hill and Paoli. The Norfolk 
& Western decided to use the single-phase trolley, and, 
tor extremely heavy service, has used the split-phase 
type of locomotives, the induction motors being fed 
from a single trolley through the medium of a phase 
converter. 

It should be, recognized that the most comprehensive 
electrification in America involving high speed passenger 
service, freight service, multiple unit service and switch- 
ing service, is that of the New York, New Haven & 
Hartford, where some 500 miles of track are operating 
at 11,000 volts on the trolley. In this service there are 
more than 100 electric locomotives and a large number 
of multiple-unit cars used for the local passenger service 
as well as classification yards of great extent. 

The heaviest service performed electrically is that on 
the Norfolk & Western, where coal traffic is moved with 
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heavy tonnage trains over the Elkhorn grade section. 


The performance of each electric locomotive in this serv- 
ice is the practical equivalent of four of the large Mallet 
steam locomotives replaced. Current input as high as 
15,006 kilowatts per train has been reached in this oper- 
ation. The dispatch with which this service is handled is 
double that for the former steam service, and this instal- 
lation forms a good illustration of the increased capacity 
which may be secured through electrification. 

On the Pennsylvania Railroad, at Philadelphia, with 
multiple unit trains the flexibility of operation has very 
greatly reduced the congestion, which would otherwise 
have required a large addition to that terminal. 

In general, an electric locomotive has been used to 
supplant a steam locomotive and, in this respect, has 
followed the general history of electrification of other 
industries. While this has been of benefit, the great value 
for electrification, and this applies especially to America, 
lies in the ability to accomplish, with electric power, 
service which would be entirely impossible with steam. 


Future Needs 


There is arising America the imperative need of 
greater capacity for our transportation systems and 
greater dispatch in the movement of traffic. This latter, 
in fact, seems to be the logical way by which expansion 
of our railroad machine can take place. There is no good 
reason why an electric locomotive cannot remain at the 
head of a train for a run of hundreds of miles, or why 
electric locomotives cannot haul a train at speeds much 
in excess of those which are ordinarily attained with 
steam service. 

There will develop, therefore, with the extension of 
- electric power, the need for a large increase in motive 
power for each train unit. This may be taken to be 
roughly equivalent to four times the maximum horse- 
power now used for the propulsion of a train by steam. 
This will be utilized in hauling larger freight trains at 
higher speeds and will enable traffic movement to be 
handled on schedules which will be somewhat comparable 
to the movement of passenger tains. Thus, an electric- 
ally hauled freight train will be able to continue on the 
main line for the larger part of its-course, thereby facil1- 
tating its arrival at terminal points on schedule, which 
alone will go a long way toward reducing the present 
serious congestion at terminal points. In fact, except 
for local distribution, the need for terminals should very 
largely disappear. A step in this direction was developed 
to clear up the congestion which existed on our railroads 
during the past year, trains, in many instances, being 
made up and run solid for great distances. 

li this view is to be taken as to the utility of electric 
power in the movement of traffic, consideration will have 
to be given to the still larger concentration of electric 
power ior single trains. The only practical way this can 
be accomplished is by a high trolley voltage, and this is 
most readily secured by the use of alternating current. 

A great advance has been made in the design of direct 
current electrical apparatus, so that it is now possible on 
locomotives to build apparatus which functions success- 
fully with 3,900 volts on the equipment. With direct 
current, however, the equipment, including the auxiliary 
apparatus, must necessarily be built to correspond to the 
voltage of the trolley, while with alternating current the 
equipment can be designed for the most Loaneae ai and 
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conservative voltage, and, through a static transformer, 
receive power from an alternating current’ trolley at a 
comparatively high voltage. This is shown by the use of 
motors of 300 to 400 volts from a 15,000-volt trolley. In 
fact, as far as the equipment is concerned, its design is 
quite independent of the trolley voltage. 

Inasmuch as some time in the future it is universally 
accepted that the operation of our railroads with electric 
power will be great in extent, the development necessary 
to utilize electric power with the least restriction is that 
which should be given the utmost consideration. It 
should not be taken as fanciful! to consider a district with 
complete electrification of the main lines of 500 to 1,000 
miles handling the heaviest kind cf traffic. The large 


Passenger Train at South Portal of the St. Gothard Tunnel, Swiss 
Federal Railways, 1921. Locomotive Develops 2,250 h.p. from a 
15,000- Volt, Single-Phase Trolley 


trains, and the occasional bunching of trains, which is 
inevitable on certain sections of this major electrification, 
will cause a relatively poor load factor. 

Since this is a condition which should be recognized, it 
is obvious that the best use of the investment for trans- 
mission and transforming apparatus local to any given 
section of railway will he that which utilizes the highest 
voltage for the supply of power to the trains. In othe 
words, to meet the concentration of loads which will be 
necessary in the future the tendency is toward the highest 
practicable voltage on the trolley as a matter of economy. 


Methods for Meeting Demands of the Future 


There follows logically the suggestion that even with 
the highest voltage on the trolley the demand for rail- 
road power should be equalized by the inclusion of many 
miles of railway deriving their power supply from a com- 
mon feeder. This, in turn, could very well be at. the 
highest practical voltage, so that it might be considered 
that hundreds of miles of railway would be fed fron a 
super railway feeder. 

The traffic movement on our railways varies during the 
day, from day to day, and from season to season. ‘Tt is 
also subject to fluctuations due to conditions of weather 
and derangements in train service due to obstructions on 
the track, wrecks, and other causes. Allowance must be 
made for a considerable flexibility of movement to avoid 
congestion. Unfortunately, this condition does not pro- 
duce an ideal demand from a power generating system, 
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so that a railroad load is not generally considered to be a 
desirable one. 

Close regulation of voltage for railway use is of less 
importance than that for industrial use, especially where 
a lighting load is carried, so that an independent railway 
feeder should be more economical than supply from a 
common feeder system with its requisite regulation with 
a superimposed railway load. 

For such a scheme of power supply to our railways, it 
should follow that power could be taken from the various 
regional generating svstems for common supply accord- 
ing to a schedule or set condition, which could be adapted 
to use power in the most effective manner. For in- 
stance, during times of lesser demand for commercial 
power, such as nights, Sundays and holidays, there should 
be little, if any, restriction of power supply from any of 
the power systems. In the case of hydro plants, the de- 
mand should recognize the characteristics of each system, 
whether dependent upon stream flow or water storage. 
In the case of steam plants, consideration could be given 
to the effective loading of the steam generating units in 
operation. At times of maximum demand for commercial 
load, the roalroad demand from any system could be lim- 


ited according to a definite schedule which would avoid | 


super-imposing the peak loads for lighting and urban 
transit upon the railroad demand. 

With such flexibility of relation to the various power 
systems, the amount of spare generating apparatus to 
provide for emergency would be lessened. In fact, a 
large part of the railroad load could, undoubtedly, be fur- 
nished by assigned generating units, and through their 
regulation, transfer of load would be readily secured 
over the super railway feeder, independent of the com- 
mercial demand and net work. 

For such minor transfer of power between the railroad 
system and the commercial network as might be advan- 
tageous, motor generators could be used, thus lessening 
the burden of cost due to a frequency for railroad use 
which may differ from that of the commercial net work. 

The expansion in electrical generating capacity for in- 
dustrial and commercial use has been phenomenal in 
America. Undoubtedly, this growth is destined to con- 
tinue to very large proportions. The generation of elec- 
tric power for railroad use may also be expected to de- 
velop and grow. Fach, therefore, should be able to 
develop without restriction by the other, and each in the 
utilization of nature’s resources, could very properly be 
used to complement the other. It would appear, there- 
fore, that we have not yet reached the time when railroad 
electrification should be dominated by conditions of power 
supply and distribution for other purposes. 


Everlasting watchfulness is the price of safety. 
Think of the loved ones at home before taking a 
chance, says the National Safety Council. 


No makeshift will settle the railroad question. It 
can be settled only upon the principles of sound busi- 
ness, which require that there be enough revenues to 
meet expenses and to pay a fair return upon the in- 
vestment; and that competition be stimulated and in- 
dividual initiative be encouraged. No scheme to 
make up the deficit will prove beneficial; the deficit 
must be eliminated. That is the crux of the problem 
which confronts the nation—Washington Post. 
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New Suspension for Body Hung 
Generator 


LL of the dining cars on the New York, New Haven 
& Hartford, equipped with the 4 kw. truck mounted 
generators, manufactured by the Safety Car Heating & 
Lighting Company, aré being fitted with a new type of 
body hung suspension. Two views of this suspension are 


shown in Fig. 1 and Fig. 2, while the parts used in its 
construction are shown in detail in Fig. 3. The upper part 
of the suspension consists of a U shaped piece of 5 in. 


Fig. 1—New Type of Generator Suspension With 
Indicated 


Important Parts 


boiler plate, bolted to the underside of the car. The lower 
part of the suspension which is secured to the generator 
is also made of 5¢ in, boiler plate and is suspended from 
the upper part of the suspension by a suspension pin 
made of 2 in. steel shafting 19% in. long. Bushings are 
used around this pin where it passes through the upper 
part of the suspension and the pin is free to turn in these 


Fig. 2—Another View of the Same Equipment 


bushings. The holes in the lower part of the suspension, 
through which the pin passes, are drilled out larger than 
the pin itself to allow for proper alignment of the 
generator. 

A two-part split bearing 1% in. long, marked D in Fig. 
3, surrounds the center part of the suspension pin and 
is held in place by the U bolt A, Fig. 1. When it is de- 
sired to change the alignment of the generator, this U 
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bolt is loosened. This makes it possible to take up the 
cap screw B, Fig. 1, and release the cap screw C, or con- 
versely, take up on B while C is released. Similar cap 
screws are provided on the opposite side which are shown 
in Fig. 2. After the generator has been put in proper 
alignment, the four cap screws, with their lock nuts, are 
tightened and the U bolt is once more pulled up tight. 

The generator is secured to the lower part of the 
suspension on one side by a 1% in. bolt, 18% in. long. 


SIDE VIEW. 
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sufficient belt clearance on these cars, but all of the 
suspensions installed have been giving excellent satisfac- 
tion with good belt mileage. The suspension was de- 
signed by F. Zimkowski, general car lighting inspector, 
There are 34 now in service and parts for 25 more are 
in process of construction in the New Haven shops at 
Readville. 


Another 
Zimkowski 


type of suspension was also designed by Mr. 
in which all of the original suspension was 
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END VIEW. 


Fig. 3—Details of the Various Parts Used in the Construction of the New Suspension 


This is shown in Fig. 1. On the other side the generator 
igs secured by two 1% in. bolts, 7 in. and 8% in. long, 
respectively, shown in Fig. 2. The tension spring is at- 
tached to the longer one of these two bolts. The manner 
in which the tension spring is mounted is clearly shown 
in Figs. 2 and 3. Lubrication for the suspension pin is 
provided by short pieces of 4 in. pipe tapped into the 
upper sides of the two bushings. These pipes are capped 
to exclude dirt and are long enough to contain a reserve 
supply of oil. One of them is shown in Fig. 2. 
Considerable difficulty was experienced in obtaining 
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moved out under the car, and mounted on a special frame 
bolted to the center sill. This made it possible to place 
the axle pulley at the center of the axle, but due to the 
peculiar construction of the cars only a few of this type 
of suspension could be used. 

At a joint session of the Directors’ Executive Com- 
mittee and the Meetings and Papers Committee of the 
American Welding Society on June 21 it was definitely 
arranged to hold the annual autumn meeting of the so- 
ciety in Philadelphia commencing October 17. 
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of Salida, Colorado, 


Showing Railway Yards 
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An Electrically Welded Oil Tank. 


The Electric Welding of Oil Storage Tanks 


Welded Construction Eliminates Loss from Leakage and It Is Estimated 
Tanks Will Outlast Riveted Containers 


and the details of construction are well known. 
In fabricating materials for the riveted tank, it 
is generally necessary to make templates, mark, punch 
and ream the plates. It is important that the edges of the 
plates are faired and that the size of the sheets is accu- 
rate. When erecting the tank it is necessary, in many 
instances, to drift as the plates must be drawn up tight 
for riveting. Neglect in any one of these things will 
_ produce an inferior article. 
A number of joints are necessary in order to make 
the riveted construction possible, with angles, gusset 
plates, etc. The single, double, triple riveted and butt- 
strapped joints, as the load may require, increase the 
possibilities for leaks, which increase with the number 
Fe holes and caulked joints. 
The bottom and first course of a riveted tank are con- 


he riveted oil storage tank is the present standard, 


structed on horses and after test, this portion of the 
| tank is lowered down into final position on the founda- 

tion. The strains in lowering this portion of the tank 
ay cause leaks which cannot be discovered. Again 
| leaks start when caulking edges have been strained un- 
duly or often. Wind pressure, filling and-emptying of 
the tanks, temperature changes causing breathing of the 
| tanks and corrosion are some of the other causes of leaks. 

The maintenance charges on a riveted tank start with- 
in one year of its construction. 

The loss through leaks, seepage and evaporation from 
riveted tanks has not yet been closely estimated, but it 
is certain that the amount of the loss is tremendous, 
especially for the lighter grades of oil. One representa- 
tive oil company roughly estimates its average yearly 
leakage loss at 5 per cent of the contents of storage 
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| *Abstract of a paper presented before the Metropolitan Section of the 
| Company of America. 


tanks, with a higher percentage for the lighter grades 
and a smaller percentage for the heavier grade of oil. 
It is the opinion of some experts that this estimate is 
too low. 

It is reasonable to assume from the above that the 
yearly loss through leakage on some types of oil will 
amount to 20 per cent of the value of the tank. Over 
a period of twenty years, this would amout to about 400 
per cent of the value of the tank. 

The oil industry has, with exceptional care and ef- 
ficiency, developed the refining of the crude oil and put 
tremendous investments into appliances which will ex- 
tract a small additional percentage of lighter grade prod- 
ucts from the crude. On the other hand, a very large 
percentage of these products lost through the inherent 
deficiencies of the riveted construction of tank, in which 
they store these finished products. It has been determined 
that the deterioration of the tanks starts at the points 
where the skin of the plates is broken. As an example 
of the deterioration of riveted structures being mainly 
in the way of the riveted joints may be cited a 220 ft. 
smoke stack which showed considerable deterioration near 
the top. In drilling test holes and making a general 
examination of the smoke stack it was found that the 
deterioration confined itself practically to a belt follow- 
ing the outlines of the riveted joints. A number of the 
rivets could easily be knocked out with a hand hammer 
while the centers of the sheets were, without exception, 
practically as good as new. Therefore, it is to be as- 
sumed that tanks with the skin of the plates unbroken 
anywhere, will last longer. 

Oil and grease are used for protection of tools and 
machinery against rust and the conclusion might be 
drawn that the oil would protect oil tanks from deteriora- 
tion. However, the acids in some grades of oil attack 
the tanks and especially the rivet joints, and the tanks 
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holding oils with a large proportion of acids, have been 
known to be useless after three years. The maximum 
life of a 55,000 barrel riveted tank, left in one position, 
is estimated at twenty years. 

The general conclusion would be that the oil storage 
tank of the present standard and construction, while 
satisfactory for want of something better, has certain 
limitations, which makes an improved design and con- 
struction method desirable. i 


Electrically Welded Construction 


The electric arc welding method has for a long time 
been considered as the logical one to produce a more 
satisfactory construction than is possible with the rivet- 
ing method and recently considerable construction work 
of welded oil refinery equipment, including various sizes 
of oil storage tanks, has been successfully completed in 
the mid-continent, Southwest oil fields, as well as in the 
East. 

In designing a welded tank for the present time it is 
proper to follow the fundamental outline, such as the 
lapping of plates, as in riveted construction. New meth- 
ods of welded construction of tanks are now being de- 
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Partially Completed and Finished Tank. These Tanks are 
in Diameter and 16 ft. High and are Electrically 
Welded Throughout. 


veloped, which will involve radical changes and which 
seem to offer great possibilities. The only present varia- 
tions are details and .simplifications which are special 
to the adoption of the welded construction, These de- 
tails include the elimination of rivet holes, buttstraps, 
gusset plates, angles, fairing of plates and a reduction 
in the laps of the plates. The plates do not have to be 
fabricated excepting in so far as the rolling is concerned. 

Further, inasmuch as the welded lap joints are of 100 
per cent or more strength, the plates in the shell can be 
lightened 15 per cent. The result should still be a 
structure 10 to 20 per cent stronger than the present 
standard of riveted tanks. 

The thickness of the bottom and top plates is deter- 
mined by practice and until it has been demonstrated 
over a period of years that the corrosion of welded bot- 
toms and tops is less than that of riveted bottoms and 
tops, it is doubtful whether it will be permissible to re- 
duce the thickness of the plate of this portion of the 
tanks. The skin of the plates of bottoms and tops being 
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practically unbroken, it is reasonable to assume that these 
parts will have considerably longer life than those of the 
present standard. 


Portability 


By applying the oxy-acetylene torch in such a manner 
as to destroy only the welding metal in the joints, it is 


A Comparative Sketch of Riveted and Welded Construction Show- 
ing to What Extent the Overlapping is Reduced 
With the Welded Joint. 


possible to cut down welded tanks and erect them again 
in the same manner as is done with riveted tanks. 


Engineering of Welded Tanks 


At the present time, until standards have been devel- 
oped for the welded construction of the various types 
and sizes of oil storage tanks, considerable engineering 
is necessary on each problem. Expert welding engineers 


Type of Welding Used in the Construction of a 500-Barrel Tank. 
Sketches Show Roof, Sides and Bottom Welds. 


are an absolute necessity for getting good results at the 
present stage of development of this phase of the art. 

It would seem a deplorable mistake if the users of oi 
storage tanks would decide to go in for this type of 
construction under their own guidance as it would, no 
doubt, give the electric welded design a set back such 
as welding got in Europe many years ago when some 
faulty welded containers in a power plant exploded, 
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causing considerable loss of life and damage to property. 
Welding at that time being a new art on the continent, 
it was universally condemned and this has been one of 
_the main reasons why welding was not universally adopted 
-on the European continent for years. 

When such explosions happen on riveted containers 
the public simply feel that the engineers and the work- 
men on this particular job were at fault and do not 
think of condemning riveted construction in general. 

' These are some of the difficulties that a new art has 
to encounter. It would, therefore, seem that the con- 
servative way of building up a welded design of oil re- 


Manner of Constructing Roof for a 500-Barrel Tank. 


finery equipment, would be to turn this work over to 
expert organizations until the proper standards have 
been found. 


Advantages and Savings of Welded Construction of 
Oil Tanks 


Tt will be years before the advantages of the welded 
construction can be fully determined. . However, there 
would seem to be a few advantages which should be ap- 
parent now. The electrically welded tank is a homo- 
geneous structure throughout and can be generally char- 


acterized as being a superior article to tanks built by any 


other means. 

All joints throughout are 100 per cent strong. 

The joints are absolutely tight and will stay tight over 
a period of years and after a number of temperature 
changes and after the tanks have been filled and emptied 
a number of times. 

_ No initial strains are put on the bottom as it is welded 
in place. 

The life of a welded tank must be estimated as being 
at least twice that of a riveted tank, for the reason that 
the skin of the plates is not broken and because the vol- 
ume of the welds provides a much larger factor of safety 
against corrosion. 

Welded tanks built on a concrete foundation can be 
set on this foundation without an intermediate layer or 
cushion. Riveted tanks will, if set directly on a concrete 
foundation, rest on the rivet heads and cause undue strains 
on these. 

The electrically welded roof construction is gas tight 

and as is known, the saving in insurance premiums on 
gas tight roofs is considerable. 
__In fact, after the advantages of the welded construc- 
tion have become more generally known, it is reason- 
able to assume that the insurance premiums on welded 
tanks will be lower than those on riveted tanks on ac- 
count of reduced fire risk. 

Paint will only be needed as the old paint is destroyed 


Bhior hICAL @LENGINEER 


269 


through age and weather. Painting on account of dis- 
coloration caused by seepage will be eliminated. In the 
refineries where tanks are painted white, the saving in 
the paint bill will amount to considerable. 

The saving in crude oil over a period of years by the 
use of these absolutely tight tanks will run into large 
amounts. ‘The savings in volatile liquids from evapora- 
tion, seepage and leakage, can hardly be estimated and 
will, over a period of years, run into large sums of 
money. 

100 Barrel Tank 


Following is an outline used for the construction of 
one of the smaller tanks: 

9 ft. diameter, 9 ft. high of 5.5 Ib. plate (10 gage). 

1/4 in. laps throughout, welded from one side only. 

No chipping and caulking, 

The bottom and top are in two halves. 

The shell in six vertical plates. 

The plates rolled to shape. 

The plates punched for bolt holes. 

Two bolt holes every 30 in. and at the corners. 

Welded with .134 in. diameter electrodes. 

Current value about 125 amperes. 

Average speed downhand welding 9 ft. 

Average ‘speed vertical welding 4 ft. 

These tanks are erected by suspending an angle iron 
ring above the tank with six small blocks to catch each 
of the vertical plates and to hold them in place for 
bolting up and fastening to the bottom. Next, the top 
is put into place and_bolted up. The tank is then laid 
on a cradle in a horizontal position and welded through- 
out from the outside only. The tank is turned so that 
all vertical seams of the finished tank are welded in a 
downhand position as well as the cross seams of the 
top and bottom. Leaving the tank on the cradle, the 
tank is turried as the work progresses. The circum- 
ferential joints between the top and shell, and the bottom 
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Welded Construction Used in Joining the Sides and Bottom of 
a 5,000-Barrel Tank. 


and shell are welded in a vertical position, as are the 
fittings. The bolts are left in the tank and are welded to 
the tank from the outside. 


500 Barrel Tank 


The important features of the 500 barrel tank con- 
struction are as follows: 

I5 ft. diameter, 16 ft. high of 5.5 Ib. plate (10 gage) 
blue sheet steel. 

1% in. laps throughout, welded from both sides, ex- 
cepting roof which was welded from one side only to 
make it gas tight. No strains on the roof. 

size of sheets 4 ft.x 11 ft. 

No chipping and caulking. 
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The bottom and top are in three courses. 

The plates were not rolled to shape. 

Six bolt holes. 

Welded with .134 in. diameter electrodes. 

Current value 125 amperes. 

Average speed downhand welding 10 ft. per hour. 

Average speed vertical welding 5 ft. per hour. 

The bottom plates were laid out flat on the founda- 
tion, which was graded in the usual way and welded from 
one side. After this was completed, the bottom was 
turned over and welded from the other side. 

The shell was made in a different way from the or- 
dinary procedure. Instead of being built in several 
courses, it was built in one single course, giving only 
vertical seams in the shell, on a barrel stave idea. The 
plates of the shell were laid out and welded together flat 
on the ground, so as to make two halves. One-half of 
the shell was then raised by means of a gin pole and one 
corner of it tack welded to the bottom. 

The ends of a turn buckle were fastened to the out- 
side ends of this half of the shell about half way up, by 
means of clips that were welded on to the shell. By tight: 
ening this turn buckle, the shell was forced into place and 
tack welded as it got into the proper position on the bot- 
tom. The other half of the shell was raised in a similar 
manner and tack welded into position. 

This left the upper part of the shell out of shape. A 
cable loop was then put around the top of the shell. 
By tightening this, the shell was forced together. 

A 6 in. I-beam on edge specially prepared with bolt 
holes, and the web removed where it was in way of the 
bolt holes, was fastened to the outside of the shell along 
with the length of the vertical shell seam. A similar I- 
beam was fastened on the inside of the same seam. There 
were three holes in each of these I-beams, and corre- 
sponding holes in the shell of the tank. With these I- 
beams, the edges of the shell were forced into position 
and welded. 

After the vertical seams had been welded outside, the 
I-beams were removed and the inside vertical seams 
welded up. The bolt holes which were the only holes 
in the whole tank were then welded up. The joint be- 
tween the bottom and the shell was made by setting the 
shell on the bottom, and consisted of one inside and one 
outside weld without any angle iron. The outside weld 
being the heavier. ; 

A 2 in. x2 in.x 4% in. angle iron was welded all around 
the top of the shell, heel and toe. The roof was welded 
in three courses. The ends of the center course were 
slit in the middle. A V-shaped piece being cut out at 
each end. A block 12 in. high was put under the middle 
of the center course, which gave the roof the proper pitch 
and in this position the slits were closed and welded up. 
This course was then put in place and welded to the top 
angle and the other courses lapped to the center course 
and welded to it and the top angle. There was no frame 
under this roof. The fittings were welded in the or- 
dinary way. 

This particular tank was filled with kerosene on com- 
pletion and found absolutely tight without a leak or sweat 
of any kind and has been in constant use for seven 
months. Other similar tanks have also been successfully 
welded. 

Following are some of the construction figures which 
apply to other welded tanks: 
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5,000 Barrel Tank 


43 ft. diameter, 20 ft. high. 

Bottom of 3/16 in. plate. 

First course % in. plate. 

Second course 3/16 in. plate. 

Third course 11/64 in. plate. 

Fourth course 5/32 in. plate. 

Roof 3/16 in. plate. 

Size of shell plates 5 ft.x 14 ft. 

114 in. laps throughout, welded from one side in top 
and bottom, from two sides in the shell, the heavier weld 
being on the outside and in downhand position. 

No chipping and caulking. 

The plates were rolled. 

Bolt holes every 36 in. 

3/16 in. plate and over welded with .164 dia. elec 
trodes. . 

Current value about 145 amperes. 

Plates under 3/16 in. welded with .134 in. dia. elee- 
trodes. 

Current value 125 amperes. 

Average speed downhand welding 8 ft. per hour. 

Average speed vertical welding 4 ft. per hour. 

This tank was erected according to the standard for 
riveted tanks, in courses and each course was bolted to- 
gether before being welded, by bolts every 3 ft. 

A 2 in.x 2 in. x.% in, angle iron was laid on the bottom 
along this outside edge, leaving a 34 in. space between 
the angle and outside edge of the bottom. The bottom in- 
side flange of angle was welded to the bottom of the tank. 

The first course set on the bottom and backed against 
the angle was welded to the bottom all the way around 
the side by a % in. weld. The angle was welded to this 
course from the inside by a % in. weld. 

A 2 in. lap between each two courses. 

The outside welds were made for strength. 
welds to seal the joint between the two plates. 

The plates were scarfed where three plates came to- 
gether. 

The joints were simply welded in the ordinary way. 

The top angle 2 in.x2 in.x 4% in. was welded heel 
and toe all around. 

The roof was of the ordinary type of steel roof with a 
center and radial plates. 

The angles and I-beams and roof construction were 
all welded in the simplest way, according to common 
practice, developed in structural welding work. 

Welding on large tanks. From the amount of work 
done up to date, it has been definitely established that 
the same procedure can be followed in the construction 
of any size of tanks. 


The inside 


Acid Tank 


Acid tanks of various kinds are being welded. 

One acid tank was just completed. - 

10 ft. diameter, 15 ft. high, 7% in. plate. 

Bolt holes every 36 in. 

Plates rolled to shape. 

About 3 ft. welded per hour. 

Welded from the outside with a light sealing weld 
from the inside. 


Agitator 


24 it. diameter; 30 it: high; 
Cone top and bottom. 


e 


July, 1921 


’ All joints inside butted. All outside joints butt-strapped. 
| Bolt holes every 3 ft. 
Width of butt-straps. 
Width of butt-straps welded from the outside only. 
Butt-joints welded from the inside. 
| The plates in courses, rolled to shape. 
Welded with, 165 in. diameter electrodes. 
Current value 125 amperes. 
_ Bottom cone % in. 
|) Shell 34 in., 5/16 in. 
fae lLop % in. 
_ Estimated time, average 4 ft. per hour. 


Some Operating Results on the Norfolk 
&, Western 


HE question has been frequently asked why the Nor- 
| folk & Western Railway Company installed a steam- 
| driven plant for power generation when hydro-electri¢ 
power was available. At the time when plans for elec- 
trification were being perfected, this subject was studied 
in detail and the decision to generate by steam was ar- 
rived at after careful consideration. ‘There were two 
main factors involved: first, the question of cost; second, 
continuity of supply. In 1913 and 1914, power station 
coal could be placed in the railway company’s bunkers 
at less than one dollar per ton, and on this basis power 
could be produced more cheaply than it could be pur- 
chased. With the present high prices of this coal, the 
comparison is on an entirely different basis. As to con- 
‘tinuity of power, hydro-electric concerns in the vicinity 
are affected materially by shortage of water at certain 
seasons of the year, and at the time electric operation 
was decided upon, very little steam reserve power was 
available. It was felt that it would be unwise for the 
‘railway to rely upon an outside source of power which 
was liable to interruption from shortage of water or 
other causes. The history of the electrification has justi- 
fied the decision. Through the emergency connection 
with the Appalachian Power Company, the railway has 
frequently had to supply power to enable the hydro- 
electric company to maintain its service. For instance, 
in the month of June, 1920, the railway out of a total 
output of 8,768,000 kilowatt hours, furnished the power 
company 2,540,000 kilowatt hours, or about 27 per cent 
of the total. However, in the case of future extension 
of electrification, the situation will require careful study 
and consideration as to the possibility of a mutual arrange- 
‘ment whereby either party to the agreement would bene- 
fit from the available installed capacity of the other. 


Contractual Relation with Power Company 


In 1916, a reciprocal agreement was effected between 
the railway company and the Appalachian Power Com- 
pany whereby, in emergency, either company would sup- 
ply the other with power. Under the terms of this agree- 
‘ment, the power company installed at its own cost in its 
/plant at Switchback, a frequency changer with connec- 
tions to the railway company’s substation at Maybeury. 
The amount of power which can be transferred is, of 
course, limited by the capacity of the frequency changer, 


*Abstract of the report of the Committee on Water Power for the Gen- 
| eration of Electrical Energy for the Operation of Trains. This report was 
Presented at the 22nd annual convention of the American Railway Engineer- 
ing Association, in Chicago, 
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which is 10,000 kilowatts. All power exchanged is me- 
tered at the power company’s side of the apparatus and 
consequently the railway stands all loss of transmission 
and conversion. As a partial compensation, the power 
company paid for power supplied 33 per cent more than 
the railway company paid for power received. Payments 
originally were based on a flat rate per kilowatt hour. 

Due to the great advance in cost of coal, a supple- 
mentary agreement was put into effect in 1918, whereby 
a sliding scale adjustment was applied to the price 
charged the power company to cover increase in cost of 
coal. No change was made in the price for hydro-electric 
power received from the power company, but provision 
was made that in the event of steam generated power 
being received from the power company from their steam 
reserve plants, the railway company would pay for this 
steam power on the same basis as the power company 
pays the railway. No adjustment has yet been made to 
cover increased cost of labor and material. 

Under present conditions, the advantages of this emer- 
gency connection are slight insofar as the railway com- 
pany is concerned. The amount of power available at 
any time is insufficient for traction purposes without 
keeping the railway company’s Bluestone plant in com- 
plete operation. At times, it has been possible to use 
the power company’s supply and shut down one machine. 

There is, however, a distinct advantage due to the fact 
that the operation of the frequency changer can be han- 
dled so as to improve the system power factor of the 
railway. The use of the frequency changer as a con- 
denser makes it possible to increase the power factor 
by 10 to 15 per cent. 


Operation Costs 


As the electric service now maintained is on an en- 
tirely different basis from the former steam service, it 
is impossible to give a direct comparison of cost. It has 
therefore been considered advisable to give the follow- 
ing comparison between steam and electric freight loco- 
motive operation, using the records and figures compiled 
for use in the company’s annual report. In this compari- 
son, all costs entering into operation as well as interest 
and depreciation have been taken into account and while 
the figures are necessarily approximate, it is believed they 
are sufficiently close to be representative: 


CompaRATiIVE Cosr Per Mitiion Tractive Mies 


Items Steam Electric 
nterestmand eaepreciattonien casement creetieric crit es eeierre $4.36 $12.16 
ion te BEt Onc tcl. cae: EiciC CR EER NER MERE’ GS OES Pain EE aS 7.64 6.40: 
Fuel of electric power at locomotive..........0..e+.ses0 13.00 6.19 
EuDsicanteian dmmaGtes venir cccnrais acho sale oct eh Oreo .16 .05 
SUID DIES aot. warn aa cseic tug ne ees cole iaeey a aoske om ciate ee .16 .16 
Brigine: HOUSE CX PEL SES sate oc.0 cokes deals Mom eed ee ee 2.18 56 
WV Micite Tram e WA ctcase Meany cheesy ie Rott ite kar hens a ee eae OuL .00 
NAGE. “chattels encsenty5 os ease ew CL TEES ae tE carr ak a Ree 1.89 .70 
otal per million tractive-miles. «sc... .+0seeeee sce $29.90 $26.20 
PeisiGentusavani gas silo ae has cate ea eee feel oct 12.5 per cent. 


Attention is called to the unit of comparison, “Tractive- 
miles,” which is the product.of the maximum tractive 
power in pounds and total miles run. This affords a 
direct comparison. 

In explanation of the table, it will be noted that the 
interest and depreciation figure for electric locomotives 
is much higher than that given for steam. This is be- 
cause all of the electric cost has been charged against 
the number of engines in service, 7. e., each engine carries 
its share of power house transmission, distribution, etc. 
The actual electrification installation costs have been in- 


Phe 


creased in this table over 100 per cent to adjust the values 
to those prevailing in 1919. 

The cost of electric locomotive repairs has been reduced 
below the actual figures in order to eliminate charges 
which have been due to the development of a new de- 
sign. In other words, the electric locomotives now in 
service have been experimental, and could they be re- 
placed today by new equipment it is entirely reasonable 
to expect the figures shown for repairs would be repre- 
sentative. In this connection it is pointed out that the 
power house, substations and transmission lines generally 
are designed for considerably larger service than is now 
given, or in other words, with the provision of three or 
four more locomotives and a relatively small expendi- 
ture in the power house the service could be much in- 
creased; consequently, the figure for interest and depre- 
ciation would be considerably reduced. 


Conservation of Fuel and Saving in Wages 


An important question today in connection with the 
general movement towards conservation of fuel is how 
much actual fuel can be saved by electric operation, and 
in this connection the Norfolk & Western Railway has 
found that with the modern Mallet, compound super- 
heating steam locomotive, equipped with all improve- 
ments excepting feed-water heater, about 5.4 pounds of 
fuel are required per drawbar hp. hour, taking into ac- 
count road conditions and allowing for standby losses. 
It should be noted that these figures assume the engine 
to be in thoroughly good operating condition. With elec- 
tric operation, about 3.3 pounds of fuel are required 
per drawbar hp. hour in the present electric service, 
which gives a direct saving in the fuel bill of about 40 per 
cent. This amounts to a total saving for the present 
“Elkhorn Grade” electrification of about 60,000 tons of 
fuel coal per year. Applying the same ratio of saving 
to the whole Norfolk & Western system, it is estimated 
that with complete electric operation the net saving in 
amount of fuel used would be nearly one million tons per 
year. 

In the case of crew wages, it will be noted that on the 
“Tractive-mile” basis the saving in crew wages is over 60 
per cent. A comparison on another basis can be made 
by comparing the round trip times. The average round 
trip time for an electric crew between Bluefield and the 
coalfield is somewhat under seven hours, whereas the best 
average time under steam conditions formerly was some- 
what over twelve hours. Therefore, to make a direct 
comparison, the seven crew hours in electric operation 
should be compared with fourteen hours in steam op- 
eration, taking into account punitive overtime. This in 
itself would show a saving of 50 per cent in the crew 
cost, but as there is of course a certain amount of over- 
time made by electric crews, the net saving is between 35 
and 40 per cent. 

One important point is that with the present facilities 
and volume of traffic, it is problematical whether the ton- 
nage could be moved at all with steam. ‘The only pos- 
sible way to do so would be to increase the number of 
engines per train so that a schedule speed could be main- 
tained equal to the present electric speeds. This would 
require probably four Mallet steam engines per train as 
compared. with. the two electric on the heaviest grades, 
which would increase the operation.costs much beyond 
those shown in the table, and if the percentage of engine 
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failures were at all unusual, the service would be 


unwarranted. 


Mileage of Electric Locomotives 


The total electric locomotive mileage made for the six 
months ending June, 1920, was 224,974, or an average 
of 34,162 per month. The average number of locomo- 
tives in service per day is about eight, which establishes 
an average figure of 135 miles per locomotive per day. 
In the case of individual locomotives, this is considerably 
exceeded. 


Energy Per Locomotive and Per 1000 Ton-Miles 


The company’s records show that the kilowatt hours at 
the power house per locomotive mile are about 160, while 
the watt hours per trailing 1,000 ton-miles are about 165. 


The Application of the Electrification of the Norfolk 
& Western Railway to Other Railways 


In a general way the following statements can be made 
regarding the utilization of electrical energy for the op- 
eration of other railways similarly situated. 

(1) That 44,000 volts, single phase, 25 cycle trans- 
mission of electric power with 11,000 volts, single phase 
on the trolley wire are practical and reliable voltages for 


‘electric train service for heavy grades and heavy tonnage. 


(2) The average daily gross tonnage of freight east- 
bound over the electrified grade on the Norfolk & West- 
ern for 1918 was 47,500 tons as compared with 32,000 
tons in 1912, an increase of over 50 per cent. The ulti: 
mate capacity based on the present installation is stated 
as 80 per cent over that of 1912. 


(3) That such a system of electrification will. prob- 
ably effect a saving of at least 12'4 per cent of the total 
annual expense as compared with steam operation on.a 
railway with similar characteristics. 


(4) That the introduction of electric locomotives with 
electric brakes (regenerative braking) has made possible 
higher speeds on heavy grades, with greater safety and 
reliability under all climatic conditions. 


Hydro-Electric Plants Usually Augmented by Steam 


An investigation of the larger hydro-electric installa- 
tions east of the Mississippi River covering fifty-three 
plants discloses the facet that thirty-three are.augmented 
by steam. In the majority of cases this is to care for 
the dry season. In considering future development for 
railway electrification, it is therefore reasonable to sup- 
pose that steam augmentation will be necessary in order 
to maintain sufficient power at all times. 

Attention is called to the Water Power League of 
America, incorporated to promote the conservation of 
water power. The formation of this league should re- 
lieve this committee from attempting to report at large 
on this subject. From time to time your committee will 
advise the association concerning the activities of this 
league. i 


Radio Connects United States with Indo-China—_ 
Plans have been.completed. whereby commercial radio 
messages may be sent from San Francisco via Hawaii, 
Guam and the Philippines to Hanoi or Saigon, in French 
Indo-China. ee . at 


Machine Shop Lighted by 200-Watt Mazda C Lamps 


Electric Lighting of Railway Buildings 


Correct Illumination Resulting from Study of Requirements 


Is a Big Factor in Promoting Efficiency 


By J. H. Kurlander 


Lighting Service Department, Edison Lamp Works, Harrison, N. J. 


T would be difficult to find another industry where the 
use of artificial light finds such broad and diverse 
application as in the operation and maintenance of 

railroads. This is due to the wide scope of activities and 
to the fact that from its very nature operation in many 
departments is continuous throughout the entire 24 hours 
of the day. 

Train lighting has had such attention devoted to it as 
to tend to make standard certain practices and also fa- 
miliarize interested persons with them. 

On the other hand, no attempt seems to have been 
made to coordinate the work done in other lines of elec- 
tric lighting on the railroads. Each problem has been 
solved separately as it arose, with the result that few, 
if any installations, covering the same field are similar 
in nature. An effort will be made to combine data on 
current practices obtained from some of the leading rail- 
roads in the east so as to present it in an orderly and 
logical manner. Instead of drawing lengthy word pic- 
tures of the various subjects, photographs of actual in- 
stallations supplemented by diagrams have been resorted 
to, with the hope that the subject, as a whole, will be 
rendered clearer and more concise, thus making the in- 
formation readily available. The suggestions contained 
herein are practical, and not theoretical, as nearly all of 
them have been extensively applied in actual service. 
Where more than one method is applicable to a cer- 
tain problem, the other methods are also presented, so 
that the one which best meets local conditions may be 
adopted. 


Modern Lighting Practice 

There are three fundamental considerations of a suc- 
cessful lighting installation. These are: 

1. Intensity. 

Z. Quality. 

3. Distribution. 

For conducting work of any nature, light, either arti- 
ficial or natural must be provided. For indoor work, 
either of these is somewhat costly to obtain. We ordinar- 
ily think of daylight as being free, but the windows 
placed in structures to secure it, cost more than the same 
amount of wall space, and even then, it is not always 
practicable to produce daylight in all spaces. When 
night comes, reliance is placed on artificial light for 
continuing our work. The proper amount provided by 
artificial means is often a debatable subject. We may 
argue at length as to whether two foot candles are all 
that is needed to carry on work satisfactorily, or whether 
three foot candles should be provided. Yet, during the 
day, the intensity of light received from the sun may 
vary from possibly one hundred foot candles one minute 
to forty foot candles the next, but either of these in- 
tensities 1s above that ordinarily provided by the arti- 
ficial lighting system. Determination should be based 
on practice but modified as conditions change, and the 
lighting art advances. It is easily demonstrable, within 
the range of any existing practice, the more light pro- 
vided, the greater the ease and rapidity with which work 
can be carried on. As we raise the intensity our see- 
ing ability, our visual power increases also, until we reach 
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a point where a further increase in intensity will benefit 
our seeing ability but slightly. There is an economical 
limit above which the cost of raising the intensity would 
be out of proportion to the benefits derived, however, 
very. few such cases have been noted, practically none 
under artificial illumination. The majority are well be- 
low the economical limit. Glare is sometimes confused 
with “over-lighting’ and the rectification of so-called 
“over-lighting” is by reducing the apparent brilliancy of 
the illuminant and not by cutting down in the amount 
of light supplied. The benefits derived in the form of 
increased production from raising the intensity to that of 
so-called productive lighting, and increasing the efficiency 
of the process, would more than offset the expense of ac- 
complishing this. The two primary benefits of a good 
lighting installation are greater production and safety. 
Increases of from 10 to 35 per cent in the production 
of the machine shops have been obtained by actual test 
where illumination has been raised from what is ordi- 
narily regarded as good pratcice to higher levels, with 
an operating cost of less than 5 per cent of the payroll 
expense. 

As we raise the standard of illumination, the second 
and third factors, quality and distribution, come more 
to the front. Quality means steady light of such a na- 
ture as to be comparatively free from glare and harsh- 
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Fig. 1.—Showing Light Utilization with Various Combinations of 

Lamps and Reflectors. A—Direct Light Largely Useful. B—Re- 

flected Light, Largely Useful. C—Light Tending to Cause Glare, 
Least Useful, Largely Wasted 


ness, while desirable distribution means, light from the 
proper direction spread evenly over the working area 
so as to produce economical and effective utilization, The 
ultimate aim of the lighting is to make it easy to see 
objects. For proper perspective, the distribution of light 
should be such as to give natural shading which is not 
present under light of too diffuse a nature. While dif- 
fusion of a medium degree is necessary and should be 
encouraged, still it should not be carried to the point of 
rendering an object flat in appearance. 

In spite of the efficient light sources available today 
in the form of mazda C lamps, some light users still cling 
to the old type of mazda B lamp above 60 watts. One 
reason for using these older type lamps is that they have 
been in service for a number of years, and the policy in 
such cases is evidently to use them until they burn out. 
Another reason advanced is that the filaments of these 
lamps are not so glaring as those of the mazda C type. 
Neither is a valid excuse for their continued use. In the 
first case, the slight expense involved in the purchase of 
a modern lamp is more than offset by the saving in power 
consumed and betterment in quality of light. In the sec- 
ond case, high wattage lamps of any sort, should not be 
used in such a manner that the unshielded filament is 
within range of the observer’s vision. With modern re- 
flectors and diffusing devices, the greater brilliancy of the 


more efficient lamp, does not stand in the way of its 
adoptiar 
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A necessary adjunct to any efficient lighting installa- 
tion is a durable reflector of proper design. The first 
requirement is very easily met, but some people do not 
understand what constitutes a proper design. In Fig. 1 
are shown five sketches of possibilities in the way of 
lamp accessories. In the first place the reflector is con- 
spicuous by its absence. This condition is a quite com- 
mon one throughout industrial establishments and the 
sole reason for its existence seems to be that a reflector 
is sometimes looked upon as a liability and not an asset. 
The sketches illustrate quite clearly what happens when 


Fig. 2.—Characteristic Sections of Railroad Buildings 


various combinations of reflectors and lamps are used. 
Reflectors serve not merely to redirect to the working 
plane, light’ which would otherwise be wasted, but also 
tend toward better lighting conditions by eliminating 


glare and protecting lamps from dust coatings and | 


breakage. 


Recommendations 


All the principal industrial parts of the railway sys- 
tem with the exception of the round houses can be 
grouped as follows: 

Group (A)—Buildings having the characteristic sec- 


NN 


a | 2 


Fig. 3.—Plan of Roundhouse Showing Location of Outlets. Open 

Circles Indicate 200-Watt Mazda C Lanips in R. L. M. Dome Re- 

flectors Mounted 20 Feet Above the Floor. Circles with Cross Rep- 

resent 100-Watt Mazda C Lamps in Elliptical Angle Reflectors 
Mounted on Columns 8 Feet Above the Floor 


tion shown in Fig. 2 with high ceiling. These include 
erecting shops, foundries, car shops, etc. 

Group (B)— Those with low ceilings as follows: ma- 
chine, tank, paint, wheel, forge, carpenter shops, ete. 


Roundhouses 


The lighting of this type of structure presents a rather 
difficult problem, inasmuch as the interior is commonly 
filled with dense clouds of smoke and gases. The smoke 
acts as a screen tending to prevent light from the units 
reaching the working plane and the acid and gases at- 
tack all exposed metal work of the lighting installation, 


thus making the cost of upkeep relatively high. The. | 


} 


| 
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roundhouse serves as a stable for engines awaiting duty, 
and minor repairs on the engine are made here. A 
great deal of work is performed at the head and sides 
of the engine and the best light is needed at these points. 
Little or no work is done on the tender and consequently, 
the passageways between stalls need only sufficient il- 
lumination to ensure safe walking conditions. 


One im- 


Fig. 4.—Night View of Roundhouse Lighted by the Combination of 
Overhead and Angle Units. In Spite of the Smoke the Intensity is 
Such as to Facilitate Rapid Work on the Locomotive 


portant repair effected at the roundhouse is that of the 
turbo-generator set. If the overhead units are hung too 
low, this machine will be left: in darkness which will 
necessitate using a local lamp or hand torch. 

There are two general systems in vogue for lighting 
roundhouses. One makes use of flood-lighting projectors 
mounted down the passageway between stalls toward the 
turntable. This method, while giving a good intensity 
upon the work, has the objection that it is glaring and 
the light is not diffused. It has a predominant direction, 
with the result that there are sharp shadows and a per- 
son with his back to the light would be likely to cast a 
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metal work forms sulphuric acid. This results in rapid 
deterioration of the metal. For this reason, exposed 
conduits in roundhouses have but a short life, and unless 
some means is taken to limit the scope of this action, the 
cost of maintenance will soon be out of proportion to 
that of the rest of the installation. One of the best 
methods for limiting this corrosion of the conduit is to 
run the major portion of the circuit either on top of the 
roundhouse roof or else embed it in the concrete roof 
where such construction is employed. If wiring is placed 
on the roof, it should be given a good coat of some suit- 
able weather-proofing paint to prevent its being attacked 
by rain, snow or moisture. The vertical section of con- 
duit used for supporting the lamp and reflector would 
necessarily have to be replaced when corrosion advanced 
to such a stage as to render this replacement necessary. 


an2e7 eae 
t TROT 

TUS 
CEES 


ea 
‘so 
o' 
x 
Ss. 
B- 
GS 


te 

\\ 
Ss 
WO 
SS 


2 
LE 
= 


Vig 
{7} 
Lees 
2 [ {| S 

\ 
ish 
Y 


LTT] 

i 
ae 
Ja 
\\\\ 

Ws 


Lr 
ta 
XK 


ih 
| 
8 
a 
= 


bhLy 
Ul 
iN 


= 


I] 
4 


| 


500-Watt Lamp 


Fig. 5.—Industrial Lighting Units for High Hanging 


These vertical sections of conduit can be threaded on 
one end which will allow of their being unscrewed from 
the main section, and a new section being installed. An- 
other method is to run the feeders and branches approxi- 
mately four or five feet below the roof of the roundhouse, 
in order to place them below the level of the gases accumu- 
lated under the roof. The conduits in this case also 
should be given a good coat of paint. These methods of 


Fig. 6.—Plan of Erecting Shop Showing Location of Units. Open Circles Represent 500-Watt Mazda C Lamps in R. L. M. Dome Re- 
flectors and Black Circles Indicate Same Type of Lamps in Elliptical Angle Reflectors 


shadow directly on the work. The light does not pene- 
trate well into the mechanism at the side of the locomotive. 

The other plan involves the use of high wattage lamps 
suitably placed in efficient reflectors and uniformly spaced 
down the passageways. In addition to this, angle re- 
flector units are mounted on the columns approximately 
eight feet high projecting the light horizontally on the 
engine’s sides. Fig. 3 shows this arrangement in detail 
and Fig. 4. shows a night view taken of such an instal- 
lation. 

The hydrogen sulphide gas emitted by locomotives 
combines with steam, which, when deposited on exposed 


protecting wiring circuits have already found wide appli- 
cation. 

Convenience outlets should be placed at frequent inter- 
vals on side walls and columns in such a manner that 
portable extension lamps can be used with little danger 
of injury to workmen due to stumbling over such cords. 
For protecting the cord itself, it would be well to use 
some form of armored cable. 


Erecting Shop 


As shown in Fig. 2, the lamp locations in this shop 
are limited by the overhead cranes, The work is of a 
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fairly coarse nature inasmuch as large metal parts are 
handled, assembled or taken apart, and except for occa- 
sional fittings, no very exacting demands as to lighting 
exist. Illumination on vertical surfaces must be as good 
if not better than that on horizontal planes in many cases, 
and light must penetrate in nooks and corners not often 
encountered even in machine shop work. There are some 
places where local. lights, either of the portable incan- 
descent lamp type, or a hand oil torch, must be used. 
Where work is being performed on the inside of the 
boiler, a local or portable lamp is indispensable. A fairly 
high intensity is desirable in order to speed up work on 
the engine so as to enable it to leave the shop in first-class 
condition at the earliest possible moment. 

When considering the type of installation for this 
class of structure, it will be easily seen that there are 
two general methods applicable, one makes use of high 
wattage overhead units in either deep bowl or RLM 
dome reflectors; the other makes use of special industrial 
lighting units, Fig 5. The use of the latter type is 
required only in places having exceedingly high ceilings 
or where the atmospheric conditions are such as to absorb 
a large percentage of the light from overhead units. 
The average erecting shop, however, can be lighted by 


Fig. 7.—Night View of Erecting Shop Lighted by Two Rows of 500- 

Watt Mazda C Lamps in R. L. M. Dome Reflectors Spaced on 

20x30 Foot Centers Down the Center of the Shop and 500-Watt 

Mazda C Lamps in Elliptical Angle Reflectors Spaced 30 Feet 
Apart Hung on Each Side Wall 


two rows of either 500, 750 or 1000 watt units in RLM 
dome reflectors running down the center of the shop and 
one row of elliptical angle reflectors containing 500 watt 
mazda C lamps mounted on each side wall (see Fig. 6) 
in order to give good illumination on vertical surfaces. 
Fig 7 shows an erecting shop lighted by such an instal- 
lation. 

For small erecting shops with ceilings approximating 
those of the average factory room, a method which gives 
good results is to run a line of 200 or 300 watt Type C 
lamps in RLM dome reflectors down each aisle between 
tracks, as illustrated in Fig. 8. Convenience outlets should 
be provided at frequent intervals. 

« 
Car Shops e an 

The machine work performed in these shops, such as 

punch-pressfng, trip-hammering, welding, general as- 
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sembling, etc., does not require a great deal of light for 
its performance. The building used for this work is 
characterized by a width of from 50 to 80 feet, a great 
length and high ceiling. Local lighting is unnecessary, 
save when working on car interiors and for this con- 
venience outlets and well shielded portable lamps should 
be part of the equipment. General lighting should pro- 
vide a medium intensity over the entire floor surface, pre- 
ferably from high wattage Mazda C lamps in deep bowl 
metal reflectors, supplemented by smaller lamps in angle 


Fig. 8.—Night View of Erecting Shop Lighted by 400-Watt Mazda 
C Lamps in R. L. M. Dome Reflectors Hung 17% Feet High and 
Spaced on 15-Foot Centers 


reflectors mounted on the side walls. The electric crane 
always present in this type of shop makes necessary a 
high hanging, in the neighborhood of 30 feet. Fig. 9 
shows a section view of a car shop and positions of units. 


Foundries 


In foundry work, one encounters conditions somewhat 
different than the other shops discussed. There is always 


as 


Not less 
than 18f 


Fig. 9.—Section of Steel Car Repair Shop Showing Location of 
Units. 500-Watt Mazda C Lamps in Deep Bowl Reflectors and 
200-Watt Mazda C Lamps in Elliptical Angle Reflectors 


present, more or less of a haze, due to the presence of 
smoke, which tends to absorb the light from the over- 
head units. Then again, good diffusion is necessary as 
all parts of the mold should be distinctly visible for the 
purpose of effecting repairs to breaks or cracks in the 
mold. Where the light has a predominating direction 
such as straight downward, shadows are apt to be cast 
by edges of the mold leaving the sides at the point in- 


July, 1921 


volved in darkness, thus hiding a possible mar in the 
mold. In order to overcome this, a system similar to 


that employed in the erecting shop should be resorted to, 
using overhead high wattage mazda C lamps in dome 
reflectors and similar lamps in angle reflectors, mounted 
at the same height on the side walls. 


The cross rays of 


Fig. 10.—Wheel Shop Lighted by a General System of 400-Watt 
Mazda C Lamps in R. L. M. Dome Reflectors Spaced 17x15 Feet 
and Hung 17% Feet High 


light will tend to break up any shadows caused by the 
overhead units. This system has been tried out and the 
results found very satisfying. 

Group “B”—Shops 


Machine, Forge and Wheel Shops, Etc—The shops 
grouped under this heading are contained in rooms ap- 


Fig. 11.—An Up-to-Date Forge Shop Lighted by 200-Watt Mazda 
C Lamps in Shallow Dome Reflectors, Spaced 20x30 Feet and Hung 
15 Feet High 


proximating those of the average factory. The lighting 
of them, therefore, becomes a problem similar to that of 
the ordinary industrial plant. There are few, if any, 
cases where a straight general system cafinot be employed 
to good advantage. There may be times, however, when 
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local lighting will be necessary, such as when painting 
the interior of cars and over certain machines found in 
the tin or metal shops. In the former cases, the general 
custom seems to be to place a bare 75 or 100 watt mazda 
C lamp directly behind the operator. These lamps have 
small hooks fastened to the socket which enable them to 
be hung from the roof of the car and as the lamps are 
behind the operator, glare does not result to any great 
degree. However, the danger lies in that the lamp of a 
neighboring operator may be objectionable. An angle 
reflector, so fastened that it cannot swing about, on such 
a lamp will conserve light and reduce glaring inter- 
ference. 

The shops in general should have an even spacing of 
Ovetiead units on centers such’as 12 x 12,15 x 15, etc. 
The hanging height in any case, should range from be- 
tween 10 and 18 feet. The greater height is preferable 
if it can be obtained. 

A glance at the machine shop photograph shown at the 
beginning of this article will convince one that the light- 
ing of this shop is of the first order, but even the most 
casual inspection will reveal one feature that is most un- 
common in railroad machine shop lighting. This is the 
entire absence of local lights. Machine operators are 
slowly being weaned away from the idea that local lights 
are indispensable to their work. There are several in- 
stances, to be sure, where such a light must be used, but 
a great majority of the operations do not require one. 

Under this general heading come two shops which 
usually are so sadly neglected that it was deemed advis- 
able to accord them special attention. One is the forge 
shop and the other the wheel shop. The wheel shop 
shown in Fig. 10 possesses no unusual characteristics and 
is lighted by a simple overhead system employing type 
C lamps in deep dome reflectors. The entire shop, how- 
ever, is lighted almost as well by night as by day. 

In Fig. 11 is shown a forge shop which differs radi- 
cally from most such shops. Not only is the lighting 
very good, but the conditions which influence this to a 
great extent have also received consideration. The paint- 
ing of the forges to make them reflect the maximum of 
light is a practice which is finding greater application 
each year, not only in this class of shop but in others also, 
particularly machine shops. 


A Rack Rail 


Section on the Chilean State Railways 


Principles of Car Lighting By Electricity 


A Course of Practical Lessons Explaining the Main 


Details of This Important Application 


By Charles W. T. Stuart 


XII.—Testing and Adjusting a Car Lighting Equipment 


HE most important requirement in testing and ad- 
justing a car lighting equipment is, to have the 


testing instruments correctly calibrated. In other 
words, all voltmeters, ammeters, hydrometers, ther- 


mometers, etc., should be checked with a standard before 
each test. 

Each car lighting equipment consists of three main 
parts: the battery; the generator; and the regulators. 
The testing and adjusting of these main parts may be 
treated separately. 


Battery Testing 


In testing a battery the operator must have the neces- 
sary knowledge to enable him to know from the various 


Fig. 1.—The D’Arsonval or Moving Coil Type of Instrument. 


electrical and chemical indications whether or not the 
battery is in a healthy condition. . For example, an hy- 
drometer reading of the electrolyte would not have any 
meaning whatever without the knowledge of the varia- 
tion of the specific gravity on charge and discharge. 
Likewise, a temperature correction of the hydrometer 
reading could not be made, if you did not know the in- 
fluence of temperature upon that particular solution. 
Therefore, in explaining the method of testing a battery, 
a few points will be included to indicate what correct 
battery performance is. To thoroughly test a battery, 
it should be removed from the car to a bench in a test 
room properly equipped for this particular work. When 
this is done, the battery should receive a cycle of charge 
and discharge, during which, the following should be 
noted : 

1. Height of solution. 

2. Individual cell voltage. 


Individual cell specific gravity reading. 
Individual cell temperature readings. 
Individual cell cadmium readings. 

Rate of charging and discharging current. 
Hours of charge and discharge. 

sefore running this test you should know: 


DNAMA & 


1. The correct capacity of a battery of this type. 

2. The correct variation of cell voltage of such a bat- 
tery. 

3. The correct variation cadmium reading of such a 


battery. 

4. The correct variation of the specific gravity of 
the electrolyte. 

5. The normal charging and discharging rate of this 
particular type of battery. 

For testing a lead storage battery, the following in- 
struments are required: Voltmeter, ammeter, hydrom- 
eter syringe, thermometer, and cadmium test piece. 

The volt meter should be of the D’Arsonval double 
scale type, with scales preferably as follows :— 

High scale 0-150 volts, graduated to 1 volt per divi- 
sion. 3 

Low scale 0-3 volts, graduated to .02 volt per divi- 
sion, 

The ammeter should also be of the D’Arsonval type 
with scale graduated, 0-150 amperes, 1 ampere per di- 
vision. 

The hydrometer syringe should be graduated to read 
from 1.150 to 1.300 specific gravity, and the thermometer 
should read from O deg. F. to 120 deg, FO Penseas 
benefit of those who are not familiar with the D’Arsonval 
type instrument, a brief description may be of interest. 
The D’Arsonval or “moving coil” type of instrument is 
more accurate than other types. At the same time it is 
more delicate and is more difficult to manufacture. The 
principle of the instrument is shown in Fig 1, Placed 
between the north and south pole of a magnet is a coil 
of wire mounted on a light aluminum frame. The coil 
is attached to the wire carrying the current to be meas- 
ured through light springs, and when the current is sent 
through, one end of the coil becomes north and the other 
end south. Then according to the magnetic law, the south 
end of the coil seeks the north pole of the magnet and 
the pointer, attached to the frame passes across the scale. 
The “dead beating” or “damping” of this type of instru- 
ment depends on the strength of the magnetic lines of 
force (which is increased by the introduction of the iron 
core /, and careful grinding of the pole faces). Eddy 
currents are set up in the aluminum frame which have a 
tendency to retard its movement and consequent deflec- 
tion of the pointer. The D’Arsonval is perhaps the old- 
est type of electrical measuring instrument in use today. 
If carefully built, it is extremely accurate and depend- 
able, although rather delicate. 
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In placing the battery on charge and discharge, it is 
connected in circuit as shown in Figs. 2 and 3. Note 
that on charge the positive side of the battery is con- 
nected to the positive side of the source of charge, and 
the negative side of the battery is connected to the nega- 


1@ Gell Lead Batter 


+ 
Source of Charge 


Adjustable 
Rheostat 


Ammeter 
FIG.2. 


\@ Cell Lead Battery 


Adjustable 


(yet Rheostat 


FIG.3. 


Fig. 2.—Battery Connected for Charging. 
Fig. 3.—Battery Connected for Discharge 


tive side of the source of charge. In taking cell voltage 
readings, the voltmeter is conected across the terminals 
of the cell while in taking, cadmium readings one side of 
the voltmeter is connected to one of the battery terminals 
and the other side of the cadmium test piece which is sub- 
merged in the electrolyte of the cell, Fig. 3A. The specific 
gravity of the electrolyte at the end of charge should 
average 1.220. If necessary, the specific gravity of 
the electrolyte should be adjusted at the end 
of charge. During charge, the temperature should be 
watched very carefully and should not be allowed to ex- 
ceed 110 deg. F. When the temperature approaches this 
point, the charge should be discontinued until the cells 
have cooled down. The cell voltage at the end of charge 
with normal charging current flowing should be 2,6 


Cadmium --—- 
Submerged 


in e 
Electrolyte 


Caan 
V.M V.M. 


Voltmeter, Prods and Cadmium Voltmeter Connected for 
» For Cell Voltage Reading. Cell Voltage Reading. 


Voltmeter Connected for Cadmium: 
To Positive Reading. 


Fig. 3A.—Method of Taking Cell Voltage and Cadmium Readings. 


volts per cell. In making a test discharge, readings 
should be taken of the individual cell voltages every 
hour until one cell has dropped to 1.8 volts, and then 
at fifteen minute intervals until the voltage of the battery 


-as a whole has dropped to an average of 1.8 volts per 


cell. Any cells which show less than normal capacity 
ani drop out considerably in advance of the balance of 
the cells should receive immediate attention. 

Che Cadmium Test Piece—The cadmium test piece 
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must be free from impurities and its surface should not 
be scraped bright, on the contrary it should be aged, that 
is, covered with a layer of cadmium sulphate. Also, 
while using, the cadmium must not come in contact with 
any of the plates or connections, and the best way to 
prevent this is to cover the test piece with soft rubber 
tubing, this tubing to have numerous small perforations. 
When not in use the cadmium test piece should be kept 
immersed in dilute sulphuric acid, or at least immersed 
in such acid for a few hours before using. The reason 
for this is that there is a difference of potential between 
cadmium and cadmium sulphate and the bright surface 
sulphates so quickly that it would be necessary to scrape 
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Fig. 4.—Cell and Cadmium Voltage During Charge 


the test piece before each reading 1f comparable results 
were to be obtained. When a new battery is completely 
discharged, and normal current flowing, the test reading 
should be as follows: 

Positive plate and cadmium, not lower than 1.98 volts ; 
negative plate and cadmium; not higher than .18 shown 
by the voltmeter; and the voltage of the cell being the 
difference between these readings. When a new battery 


| Se Se A re Se CM CO a Om One tie tert 
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Fig. 5.—Cell and Cadmium Voltage During Discharge 


is completely charged and normal charging current flow- 
ing the test readings should show as follows: 

Positive plate and cadmium, about 2.45 volts; negative 
plate and cadmium, .14 and .16 volt, the cadmium be- 
ing negative to the positive plate and the positive to 
the negative plate as shown by the voltmeter and the 
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voltage of the cell being the sum of the readings. 
It will be noted that as a battery proceeds from a con- 
dition of discharge to charge that the cadmium is first 
negative to the negative plate and near the end of the 
charge becomes positive to the negative plate. 


Figs. 4 and 5 show the conditions that obtain, Fig. 
4 being that of charge and Fig. 5 being that of dis- 
charge, both being for a new battery at the eight-hour 
rate under normal conditions. 

It will be noted that the sum or difference of the 
cadmium readings equals the cell difference of potential, 
as the case may be, though in practice it is somewhat 
difficult to measure these voltages sufficiently accurately 
to make these check exactly on account of the small de- 
flection produced between the cadmium and the negative 
plate and variations in the location of the cadmium test 
piece at successive readings. 


As the negative plates grow old they usually lose 
capacity, on account of the shrinkage of the active ma- 
terial closing up the pores. To allow for this falling 
off in capacity the negative plates are usually manufac- 
tured with an initial capacity in excess of that actually 
required. An old negative plate is considered to have 
normal capacity when the cadmium reading at end of 
discharge has a value not exceeding .30 volt at the nor- 
mal discharge. Note that on discharge and particularly 
at end of discharge, the lower the cadmium negative 
reading, and the higher the cadmium positive reading, 
the greater the capacity of the plate. An example will 
show how the cadmium readings are used to determine 
the condition of the plates. 

Suppose that the voltage of the cell while being dis- 
charged at the eight-hour rate has dropped to 1.80 volts 
at the end of five hours and that the cadmium reading 
for the positive plates is 1.95 volts and for the negative 
plates .15 volt. In this case, the capacity of the nega- 
tive plates is considerably in excess of the limit, while 
the positive plates are exhausted. 

This indicates either lack of active material on the 
positives or that all of the sulphate has not been con- 
verted into peroxide, that is, that the battery has not 
been fully charged. It is therefore advisable to make a 
second test, first making sure that the battery is fully 
charged. If the capacity remains the same and it is 
apparent that the plates are otherwise in good condition 
it will be necessary to renew the positive plates unless 
the capacity as obtained is sufficient for the requirements 
of the service. 

If the cell voltage is 1.8 at the end of five hours and 
the cadmium reading for the positive plates 2.12 volts 
and for the negative plate .32 volt, it indicates that the 
positive plates are good and that the negative plates are 
lacking in capacity. In this case the negative plates, if 
of the Planté type, can be brought up to proper capacity 
by reversing. 

Bringing Negative Plates up to Capacity.—Negative 
plates, as they age, have a tendency to lose capacity, due 
to the shrinking of the active material, which, by clos- 
ing up the pores, interferes with the diffusion of the 
electrolyte. ¥ 

The same effect occurs if there are impurities in the 
electrolyte which may act either to produce “local ac- 
tion” or clog the pores of the active material. To over- 
come these defects and again place the element in good 
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condition, they are reversed in the following way: Charge 
the battery fully and then remove the negative plates, 
placing them in tanks filled with 1.240 specific gravity 
electrolyte and connect them as anodes, that is, in a re- 
verse manner to which they are normally connected. Ag 
cathodes, dummy plates of plain sheet lead about 1/16 in, 
thick can be used. The tanks should contain as much 
electrolyte as possible, as it must be as cool as practicable, 
The plates should be charged at double the normal eight- 
hour rate until they gas freely and the charging rate 
may then be gradually reduced to normal, and ceutinued 
at the latter rate until the active material is thoroughly 
reversed and converted into lead peroxide, the sponge 
lead turning first to PbSO,, then to PbO,, as the action 
continues. 


Toward the end of the reversal, the cells may be open 
circuited for a few minutes; then if on closing the cir- 
cuit the plates immediately begin to gas, the reversal is 
complete. If gasing does not immediately take place, 
however, it is proof that the reversal is not complete and 
that only the surface of the crystals of the active ma- 
terial has been covered with a layer of lead peroxide, and 
that on open circuit the lead peroxide discharges into 
the metallic lead of the crystals underlying this layer, 
It requires a continued application of current to convert 
this sulphate again into lead peroxide. The plates hay- 
ing been completely peroxided, they are set up with new 
dummy plates and fresh acid and connected in the usual 
manner and current passed through them as before, the 
best value for the current in this case being the normal 
rate. When finally converted back into spongy lead and 
reassembled with the positives it will be found that the 
capacity of the negatives has materially increased. 


New dummy plates and fresh acid are used so that 
any impurities thrown off will not be redeposited on the 
plates. 

Electrolyte—The electrolyte used with storage bat- 
teries of the lead type consists of dilute sulphuric acid, 
of a specific gravity of 1.200 to 1.300, depending on the 
amount of electrolyte and the construction of the bat- 
tery. It should be free from all impurities such as 
hydrochloric, nitric or acetic acids, or such acid forming 
compounds, iron, arsenic, antimony, copper, mercury, or 
the slightest trace of platinum. 

The specific gravity of the electrolyte used in standard 
car lighting batteries must be maintained between the 
limits of 1.215 and 1.225 with the battery in a fully 
charged condition. The density of the electrolyte is 
dependent on the proportions of acid and water, or in 
other words, upon the amount of the dilution of the acid. 
lt is measured by means of an hydrometer. For varia- 
tion of specific gavity on charge and discharge, see Fig. 6 

The density of the electrolyte has an important bear- 
ing on the operation of the battery. If it is too high, 
sulphating is accelerated and the plates depreciate more 
rapidly. The resistance of the electrolyte is at a mini- 
mum at about 1.235 specific gravity, rising if the gravity 
be either increased or decreased. The density is ex- 
pressed in terms of specific gravity, that is, the ratio of 
the weight of the electrolyte to the weight of the same 
volume of water, or in terms of some arbitrary scale. 
In speaking of the specific gravity of electrolyte, it 1s 
usually referred to as a whole number, thus 1.215, 1.220, 
1.225 specified gravity is spoken of as 1215, 1220, and 
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1225. As the temperature of the electrolyte influences 
its density, and the density in turn affects the resistance 
of the electrolyte and the capacity of the battery, the 
electrolyte should be corrected for temperature. The 
following table gives the proper specific gravity of the 
‘electrolyte for various temperatures, the readings in all 
cases being that of the electrolyte at end of charge: 


Degree, Fahr. 


| Specific Gravity. 
. 106 


1.208 
) 97 [Zh 
. 88 1214 
79 1.217 
70 Normal 1.220 Normal 
ol 122o 
52 1.226 
43 1.229 
34 252 
| 25 1235 
16 1.238 
7: 1.241 


It will be noted that the correction is approximately 
1 point for each three degrees F’. difference from normal 
temperature which is taken at 70 deg. F. 

Warm electrolyte should never be used in a cell as it 
accelerates the injurious effects produced by other causes, 
and shortens the life of the plates. 

Correcting Specific Gravity—When testing the specific 
gravity of electrolyte with a view of correcting same the 


Specific Gravity. 


Boa Af teh MO) alll lie 
Hours. 


_ Fig. 6.—Variation of Specific Gravity on Charge and Discharge. 


following method should be used: Fill the cell with dis- 
tilled water to normal level, and place on charge. When 
fully charged, test the temperature and specific gravity 
and add sufficient acid or distilled water as may be neces- 
sary to bring the specific gravity to 1.220, when cor- 
rected for temperature. 

When the electrolyte is found to be impure, due to the 
presence of any metal other than lead or any acid other 
than sulphuric, it must be immediately drawn off and 
fresh electrolyte applied, and such other action taken as 
may be necessary. 

_ When diluting the acid, the acid should always be 
poured slowly into the water, and not the water into the 
acid. The reason for this is that a chemical combina- 
tion is formed, which liberates heat, thus raising the 
temperature of the electrolyte, and if the water is poured 
into the acid the action is more rapid than if the acid 
be poured into the water, and the electrolyte is more 
liable to splash and burn the operator’s person or clothes. 


The electrolyte must be allowed to cool before using. 
) 
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After cooling the specific gravity will be found greater 
than when hot, but can be corrected to the proper density 
by the addition of a little distilled water. It is essential 
that the water used to dilute the acid or electrolyte 
should be free from all impurities and only distilled water 
should be used for this purpose. Water obtained by con- 
densing steam from a steam boiler should not be used, 
as it is liable to contain oil, or chemicals used in purify- 
ing the water for boiler purposes. The water should be 
obtained from a still and condensed in a block tin or 
lead pipe. ; 

All corrosive actions of liquids on solid substances im- 
mersed in them take place with the ‘gréatest rapidity 
at the surface of the liquid, and battery: plates which 
project above the electrolyte deteriorate much more 
rapidly at this point than the submerged portion. This 
action can be rendered of small importance by keeping 
the plates always completely covered with electrolyte 
and making the lugs which pass from the plates to the 
terminals, of thick, dense lead. The normal level of the 
electrolyte is approximately 1 in. above the top of the 


‘eplates: 


Testing an Edison Battery.—The instruments used for 
testing a lead battery are also used for testing the Edi- 
son type with the exception of the cadmium test piece, 
which is used only with the lead battery. 

The Edison battery is connected for charging and dis- 
charging in the same manner as shown for the lead type 
in. Figs. 2 and 3. 

The range of voltage of an Edison cell during a nor- 
mal seven-hour charge is from 1.6 volts per cell mini- 
mum to 1.8 volts maximum. 

The range of voltage of an Edison cell during a normal 
5-hour discharge is from about 1.4 volts per cell maxt- 
mum to 1 volt per cell minimum. 

The electrolyte of an Edison cell is a 21 per cent solu- 
tion of potash, KOH, in distilled water with a small per 
cent of lithia having a normal specific gravity of 1.220 
at 70 deg. F. 

The specific gravity reading of the electrolyte of the 
Edison cell should also be corrected for temperature. 
The correction for this solution is approximately 1 point 
for each 5 degrees F. difference from normal. The 
height of the solution in an Edison cell varies with the 
different types of cells. The proper height for an A-8-H 
cell is 234 in. above the top of the plates, and for an 
A-4-H cell 3 in. above the top of the plates. 

Testing Axle Generators and Regulators—A newly 
installed, as well as a periodically overhauled or repaired, 
axle generator equipment should be tested and adjusted 
prior to being placed in service. As with the battery, 
nothing but correctly calibrated instruments should be 
used, and these instruments should be tested with a 
standard before each test. If the regulators are con- 
veniently jocated inside of the car, it is not difficult to 
make adjustments while the car is operating on the road, 
but even this flickering of light is annoying to the pas- 
sengers and has other objectionable features. Where the 
regulators are located under the car body some other 
method of testing is required and a very interesting prob- 
lem is presented. Various schemes have been adopted, a 
few of which are: 

1. Driving the generator by a portable motor mounted 
on a truck. The motor and generator connection being 
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made by means of a flexible shaft which is connected to 
the generator armature shaft by removing the armature 
pulley. . 

2. Driving the generator by a motor located in a pit 
under the car. The drive consisting of a belt and two 
pulleys. 

3. Removing the generator and regulators from the 
car to a test room, where the regulators are placed on a 
rack and the generator belted to a motor on a test block. 

The instruments used in testing a generator are volt- 
meter, ammeter, and thermometer. In testing an axle 
generator equipment the following should be considered: 


1. The commutation with rotation of armature in both 
directions. 
2. Activity of pole changer, upon change of direction 
of rotation. 
Temperature of bearings, coils, etc. 
4 


Generator current, light on. 
Generator current, light off. 


regulator. 
Generator voltage. 
8. Automatic switch operating voltage. 
9, Potential solenoid operating voltage. 
10. Lamp voltage, generator operating. 
11. Lamp voltage, generator not operating. 


12. Freedom of movement of regulator parts; as dash 
> 

pots, plungers, plunger arms, at various speeds of arma- 

ture rotation. 


13. Test for grounds with a voltmeter—To read the 
generator voltage, the voltmeter is connected across the 
main generator circuit at the bottom of the generator 
regulator panel. At this point the automatic switch and 
potential solenoid operating voltage may also be read. 


In making ground tests, connect the positive side of 
the voltmeter to the positive side of the circuit, and the 
negative side of the voltmeter to ground. <A voltage 
reading will then indicate a negative ground. Inter- 
change the meter leads, connecting the positive side of 
the voltmeter to the ground and the negative side to the 
negative side of the circuit. With these changed con- 
nections a reading will indicate a positive ground. 

It is essential in making regulator tests to be familiar 
with the battery charging curve for that particular equip- 
ment, and also to allow the temperature of the coils to 
reach the operating point before attempting to make ad- 
justments. 

It is the practice on the various railroads to inspect 
the car lighting equipment on each car upon arrival. To 
make a test of the battery generator and regulators, as 
above described upon each arrival would be imprac- 
ticable. Therefore some means must be used to deter- 
mine the condition of the equipment as near as possible 
without interfering with the operation of the train. One 
scheme is to note the temperature of the regulator coils 
upon arrival. If they are warm it is an indication that 
the generator has been operating. If they are cold the 
generator is in trouble. In the latter case, the generator 
is given the motoring test. This test consists of remov- 
ing the belt from the pulley and operating the generator 
as a motor from the battery by closing the automatic 
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switch by hand. The machine is started with full field 
and is brought up to maximum speed by increasing the 
field resistance with the carbon pile on the regulator 
panel. At maximum speed the field resistance is sud- 
denly reduced to a minimum, and the automatic switch 
released. The momentum of the armature revolving in a 
strong magnetic field causes the automatic switch to close 
automatically, indicating that the machine is acting as a 
generator. This test will sometimes locate the trouble, 
but not always. If, however, the motoring test fails to 
show the source of trouble, then it is necessary to give 
the equipment a thorough test as previously described. 

A check is made on the condition of the battery upon 
each arrival by noting the ampere hour reading 
and also by taking a voltage test of the battery with 
the lamps burning. This voltage test is practiced, not 
because it is the best indication of the battery as to state 
of charge, but because it is the only practical test that 
can be made without involving considerable expense and 
interference to the train movements. 


Electro-Percussive Welding 


RODUCTION of large quantities of duplicate parts 
which require welding has been found to be expe- 
dited by the electro-percussive process of welding. The 
apparatus consists essentially of a device for producing 
a percussion of the parts to be welded simultaneously 
with a discharge of electrical energy, the energy being 
taken from a condenser or a magnetic field. Use is made 
of electrolytic condensers charged by direct current of 
low value, or an arrangement is used, utilizing the energy 
stored in a magnetic field and discharged through the 
parts to be welded at the moment of weld. The discharge 
takes place between the points to be welded with ex-— 
plosive violence, and at that instant the hammer forges 
the parts together into a perfect union. The time of 
fusion and union of the parts is only approximately 0.0095 
second. The time sequence of events shown in an oscil- 
logram taken during a weld between 3-in. copper and 
steel rods indicated a peak current of 2,600 amp., an are 
voltage of 30, a maximum power of 60 kw. and an en- 
ergy consumption of 0.00077 kw.-hr. The time of the 
complete operation was 0.094 second. 

The advantages of this process are as follows: At 
least three-fourths of the power consumption is saved as 
compared with butt welding; the speed of the process is 
very great and thus production depends almost entirely 
on the time required to handle the pieces; unusual welds 
may be accomplished, such as welding of small rods to 
heavy plates or blocks, without previous treatment or 
preparation of the surface; the energy is consumed in a 
very small amount of material and does not heat up the 
rest of the stock, and it may therefore be used where ex- 
cessive temperatures of the whole stock would cause a 
loss of temper; unlike metals may be welded as readily as 
metals of like kind; the character of the welds realized 
after a proper adjustment of the apparatus is made is im- 
dependent of the skill of the operator, thereby reducing 
labor cost, and the percussive process produces a mucli 
smaller fin or flash than butt-welding. The reduced fin 
results in a decreased cost for finishing the parts——Elec- 
trical World. 
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Electrification of the Paulista Railway 


Fuel Scarcity Forces the Adoption of Electric Motive 
Power on Brazilian Wide Gage Line 


By W. D. Bearce 


Railway and Traction Engineering Dept, General Electric Co. 


HE concluding shipments are being made on the 

$2,000,000 contract with the International General 

Electric Company for the electrification of a section 
of the Paulista Railway in Brazil. This project includes 
a double track section 28 miles in length between Jun- 
diahy and Campinas. 

The motive power equipment consists of eight freight 
locomotives weighing 100 tons 
each and four passenger loco- 
motives weighing 120 tons 
each. Work has been progress- 
ing on these locomotives for 
about a year at the Erie works 
and the first locomotive was put 
on the test track about the mid- 
dle of March. Complete run- 
ning tests were made and two 
freight locomotives were 
shipped before the middle of 
May. One of the passenger 
locomotives was also put on the 
test track and shipment was 
made, according to schedule, 
during May. 

In addition to the locomo- 
tives, the contract included the 
equipment of a complete 3,000- 
volt direct current substation of 
4,500 kw. capacity consisting of 
three 1,500 kw. 3 unit motor 


Barretos 


generator sets, transformers, 
switches and high tension 
equipment. Overhead line ma- 


terial has also been furnished 
for 76 miles of track and ma- 
terial for 10 miles of 88,000 
volt, 3 phase, 60 cycle high ten- 
sion transmission in duplicate 
from the lines of the Sao 
Paulo Light & Power Co. 

The line from Campinas to 

Jundiahy is a main line section connecting at the southern 

_terminus with the Sao Paulo Railway and the Central 
Railway of Brazil. The Central Railway is government 
owned and electrification of this line has also been author- 
ized. At Campinas and other points north connection is 
made by the Paulista Railway with a number of feeder 
lines, which bring large quantities of coffee and other raw 
material from the interior. 

The road bed is rock ballasted and the construction 
throughout is equal to any of the main line roads in the 
Mmited States: The track gage is 5 ft. 3 in. on the 
section to be electrified, but some of the connecting lines 
are narrow gage and facilities are provided for trans- 
ferring the car bodies complete with merchandise to nar- 
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Paulista Railway System and Connections 


row gage tracks and vice versa. The passenger service 
includes high speed passenger trains with full Pullman 
accommodations. The present locomotive equipment 
consists of heavy type locomotives for freight service 
with high speed engines for passenger service. All are 
equipped for burning wood as fuel instead of coal. On 
account of the high price of coal and the great difficulty 
in securing it, wood is burned 
almost exclusively in this part 
of South America. The variety 
most used is known as que- 
bracho, which gives satisfac- 
tory results except: that, .of 
course, the quantity, required 
for a 100-mile run is very 
bulky. Recently there has been 
difficulty in procuring even 
wood that is suitable for this 
work. Electrification, therefore, 
was decided upon as the rem- 
edy. 
The section selected for elec- 
trification presents a rather dif- 
ficult profile, including maxi- 
mum grades of 1.5 to 1.8 per 
cent. While the immediate 
plans of the Paulista company 
contemplate electrification for 
only a distance of 73 miles, the 
design and capacity of all ap- 
paratus and equipment is suit- 
able for operating on an exten- 
sion to Sao Carlos, a total dis- 
tance of 129 miles. The- ap- 
proximate tonnage handled 
over this line during the year 
1918 from Jundiahy to Cor- 
deiro was about 275,000,000 
ton-miles, including freight, 
passenger and _ non-revenue 
service. The electrical equip- 
ment is designed for handling approximately double this 
amount and the sub-station and line equipment is also 
capable of handling approximately double the 1918 rev- 
enue tonnage. As a basis for estimates it was assumed 
that the number of trains per day over the initial electric 
zone will be six-passenger and twenty-one freight in each 
direction, making a total of fifty-four trains per day. 


J 5Seb Paruizo ~ 
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Locomotives 


The initial order for locomotives included eight freight 
and four passenger, all of the twin geared type. These 
are similar to those in successful use in United States 
on the Chicago, Milwaukee & St. Paul Railway, the Butte, 
Anaconda & Pacific Railway, the Detroit River Tunnel 
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and other roads, and include the well tried features of 
the best types of locomotives now in service. 

Freight Locomotives—The freight locomotives weigh 
100 tons, all weight on driving axles. They are designed 
for handling a trailing train of 770 tons on the maximum 
1.8 per cent grade at speeds of from 12 to 16 miles per 
hour. The maximum allowable speed on tangent level 
track is 30 to 35 miles per hour. It is expected that be- 
cause of the greater capacity and higher speed charac- 
teristics the electric locomotives will provide an appre- 
ciable improvement in the existing steam service, both as 
regards schedule speed and weight of trains handled. 

As shown in the photograph the freight locomotive has 
a running gear consisting of two 2-axle trucks coupled 
together by an articulated joint, and a single cab of the 
box type. The draft gear is mounted on the trucks and, 
all hauling and buffing stresses are transmitted through 
the truck frames and articulated joint, thus eliminating 
any possibility of damage to the cab and platform struc- 
ture. Each truck is equipped with two GE-267 motors 
of the box frame type geared to the driving axle by two 
sets of gearing, one at each end of the motor. One of 
the trucks is side equalized and the other cross equalized, 
thus providing the equivalent of a three point support for 
the super-structure. The diameter of the driving wheels 


Freight Locomotive for the Paulista Railway 


is 42 inches and of the cast wheel center 36 in. allowing 
for a steel tire 3 in. in thickness. The overall length of 
the locomotive is 39 ft. 2 in. and the rigid wheel base 
8 ft. 8 in. The interior of the cab is divided into three 
compartments by partitions or bulk heads so placed as 
to form two end compartments about 5 ft. in length for 
the operator’s cabs and the remainder for housing the 
control equipment, compressor-exhauster set and other 
auxiliary apparatus. Two pantograph trolleys are of the 
double pan sliding type similar to that used on other 
heavy electrification projects and are mounted on the 
cab roof. These are insulated for 3,000 volts and are 
designed to operate through a range of from 15 to 22 ft. 
above the rail. 
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To conform to the equipment on this road it is neces- 
sary to provide control for the vacuum.type brakes used 
on the cars. Two entirely different systems of brakes are 
therefore provided for; a straight air brake system for 
the locomotive, and vacuum type brakes on the train, 
The two systems are manipulated in the same manner 
as the usual all compressed air type, the locomotive brakes 
being applied automatically at the same time as the train 
brakes under normal running. Brakes can be applied on 
the locomotive alone or on the train alone if desired. 
When regenerating, however, there is a magnet valve so 
arranged that straight air cannot be applied while return- 
ing power to the trolley. However, should an emergency 
application be made, regeneration is discontinued and the — 
brakes are applied on the locomotive. 

Motors.—The motors are of the box frame commutat- 


120-Ton 3,000-Volt Passenger Locomotive 


ing pole type designed for self ventilation. This feature 
is made possible by the fact of the increased room due to 
the wide gage. In order to supply clean air for ven- 
tilation of the motors, a ventilating pipe is provided, 
reaching to the outside of the locomotive truck. The fan 
is of the multiple type made integral with the armature 
head flange on the end opposite the commutator. Air is 
taken into the frame at the commutator end through 
a screened opening and divides into two streams, one 
passing over and around the armature and field coils, 
while the other is drawn through longitudinal ducts in the 
armature core. All of the air is expelled from the frame 
at the end opposite the commutator. These motors are 
designed ior operation at 1,500 volts per commutator 
with two motors connected permanently in series for the 
3,000 volt supply. The gears are of the forged steel 
type with a reduction of 82 to 18 or 4.56. 

Control.—Control equipment is the type M designed 
for non-automomatic single unit operation of the loco- 
motives. All contactors, rheostats, transfer switches and 
the reverser are located in the central compartment of the 
cab. The master controllers, brake control, sander con- 
trol, pantograph and other control devices are in the op- — 
erator’s cabs at the ends of the locomotive. 

Energy for operation of the control is obtained from a 
65 volt generator which is a part of the compressor ex- 
hauster unit. A 65 volt storage battery is connected in 
parallel with the generator to maintain constant voltage 
and to supply auxiliary lighting when the set is not 
running. 

The motors may be operated all four in series through 
14 steps of resistance, and with two motors in series and 
two groups in parallel through 10 steps of resistance. 
Regenerative braking is provided for returning energy 


| July, 1921 
‘to the line on descending grades. 
the regenerative braking control. The lighting and mis- 
cellaneous equipment includes the necessary lamps, 
| switches, fuses and wiring for illuminating the cab and 
for headlights and accessories. The headlights are of 
‘the incandescent type with side number-plates and are 
supplied from the 65 volt generator or battery. Speed 
recorders are included as a part of locomotive equip- 
jment. The draft gear is attached to the end frames of 
the trucks and is of the usual European type. The com- 
/pressor-exhauster set is a combined unit having a com- 
pressor with a total piston displacement of 48 cu. ft. 
of air per minute at a pressure of 90 lb. per sq. in., an 
exhauster with a displacement of 150 cu. ft. of air per 
minute and a 65 volt direct current generator above men- 
tioned. The unit is driven by a 3,000 volt direct current 
motor operating from the trolley circuit. 

| Passenger Locomotives—The passenger locomotives 
are similar in design to the freight units except that a 
two axle guiding truck is provided at each end to comply 
with the railway company’s specifications for high speed 
service. The motors used are identical to those on the 
treight locomotive except for the change in gear ratio 
to provide for maximum speeds of from 56 to 62 miles 


Ten steps are used for 


Three Unit Four Bearing 1,500 Kw. 3,000-volt d. c. Motor Generator 
Set for the Paulista Railway 


per hour. The running gear consists of two 2-axle driv- 
ing trucks the inner ends of which are connected by an 
articulated joint. The outer ends are extended and sup- 
ported on the guiding trucks by roller centering devices 
over the front axle and an articulate joint over the rear 
axle which also connects the guiding and motor trucks. 
The general arrangement of motors and control is the 
same as that on the freight locomotives, and a similar 
system of regenerative braking is also provided. This 
locomotive is designed for hauling a train of 440 tons 
trailing up a one per cent grade at a speed of 38.8 miles 
per hour. The gear ratio on the passenger locomotive is 
70 to 30 or 2.33. 

_ For speeds above the full series and full parallel con- 
nections a shunted field connection is provided by means 
of which the field current is reduced for maximum speed 
running. 

_ Regenerative braking is accomplished by connecting 
jne motor in such a way that it excites the field of three 
other motors and also its own field. This scheme is in 
Zeneral similar to that used on the Chicago, Milwaukee 
& St. Paul gearless passenger locomotives and eliminates 
the necessity for a separate motor generator set for ex- 
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citation. A balancing resistance is connected in the cir- 
cuit to protect the motors against sudden surges of the 
line voltage and to give effective protection against line 
voltage changes. In order to begin regeneration, the 
main controlier handle is turned to the first notch series 
position and the selective handle to the braking position. 
The main handle is then notched up until the desired 
braking effect is obtained. 

A high speed circuit breaker is placed between the 
3,000 volt trolley and the locomotive apparatus. The duty 
of this breaker is to protect the motors and equipment 
from any injury due to short circuits or overloads. In 
case of a short circuit this breaker cuts in a protective re- 
sistance and then opens the line contactor. The action 
is very rapid so that in case of heavy overload, or short 
circuit, the possibility of damage is reduced to minimum. 
Breakers of a similar type are in operation in many parts 
of the United States both on locomotives and in sub- 
stations. 

The following table gives the dimension, capacity and. 


weights of the two locomotives: 4 
Data on Exeecrkic Locomotives For Paurista Rattwa¥ 
Freight 12h F 
encuimoverall gees ee ee 39 ft. 2 in, nen 
NUT - Seti sap ene RM Se 10 ft, 134 in. LOM 78 ire 
Height over trolley down............. (ein Sh be 14 ft 3 in. 
Rotalewheeleibasees cry. a0 a). 0eme, eee 20) tt. 8 me 46 ft. 0 in. 
Rigid wiheelitbases. sy se cnt eae: Sitte eo, 7 $619) ini 
stab Weight Setar. hcl, hee 200,000 Ib. 240,000 Ib, 
Weight on CLEVER Siacch teria ee tke yer 200,000 1b. 160,000 Ib 
Wieishis per driving axles osre ae eee 50,000 lb. 40,000 Ib, 
Weishi=persomidine axle, .0) 495-5 ee. None 20,000 Ib. 
Weight cf mechanical equip........... 115,400 Ib, 155,400 1b 
Weight of electrical equip............. 84,600 Ib 84,600 Ib, 
Diametermorwdrivers sn). teenie 42 in 42 iat 
Diametertot guidiigiwheel.cns. ame... ae ee.. 36 in, 
INiimibere mat ors mers, ot. 4 A 
Gearsrations ss scree acta ee Eee 82/18 70,30 
Total continuous rating hp............ 1,600 1,600 
LotaliCiehoursrating) hp een 1,680 1,680 
Tractive effort cont... 1.6: s6-. ss 60... 28,820 Ib 14,720 Ib 
Wtactivesefiort Uhr’... ids. ce ce ueeaen.: 30,600 Ib 15,680. Ib, 
Speed continuous rating m.p.h,... 6 I (GES ang) 41.25 (66 4 km.) 
Speed 1 hour rating m.p.h.... + 20.8 (3325 km.) 40.5 (65 km.) 
Maximumi safe ‘speed se... 7..0.2..0, 3... 28 (45 km.) ie), (85 km.) 
Tractive effort 30% ccef, adh......... 48,000 Ib. 


60,000 Ih, 
Substations 


For the initial electric zone between Jundiahy and 
Campinas, one substation is being installed located at 
Louveira a distance of 9.5 miles from Jundiahy. This 
station contains three 1,500 kw. 3 unit synchronous motor 
generator sets each arranged to operate its two gen- 
erators in series for 3,000 volts. Power is received from 
an 88,000 volt 60 cycle transmission line and stepped 
down through three 3 phase, 1,900 kva. transformers to 
2,300 volts for the synchronous motor. 

Transformers.—The three phase oil insulated and oil 
cooled transformers which step the voltage down to 2,300 
are rated at 1,900 kva. The tanks are of steel plate with 
all joints welded. Four separable steel radiators are 
mounted on the outside of the tank to provide sufficient 
radiating surface. 

Each transformer is provided with an oil conservator 
or auxiliary tank mounted on the cover. This device 
permits the main tank to be completely filled with oil, 
and differences in volume of oil due to temperature 
changes take place entirely within the conservator. This 
arrangement prevents the condensation of any moisture 
within the transformer and such condensation as may 
occur in the conservator is collected in a sump, is indi- 
cated on a gage glass and may readily be drawn off 
through a pet cock. Since there is no air in the main 
tank above the oil there is no possibility of explosion due 
to ignition of gases formed from hot oil. The guaran- 
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teed efficiency of these units at normal load is 98.3 per 
cent. 

Four 2% per cent taps are provided in the low voltage 
winding to compensate for variation in the transmission 
line voltage and 50 per cent starting taps are also pro- 
vided for starting the motor generator sets. 

Motor Generators-—The motor generator sets are es- 
pecially adapted to handling heavy railroad service and 
are substantially similar to those furnished for heavy 
electric railroad work in the United States. The gen- 
erators are designed for 1,500 volts per commutator and 
are permanently connected in series for 3,000 volt opera- 
tion. They are separately excited from a 125 volt direct 
current exciter mounted at one end of the set. The 
series field is designed to provide flat compounding from 
no load to 150 per cent load. They are equipped with 
commutating poles and compensated pole face windings 
to insure sparkless commutation at all loads. A load of 
three times normal rating can be carried for five minutes 
without injury. Under tests made before shipment loads 
of from five to six times normal were carried without 
sparking. All of the fields of both generators are con- 
nected to the low side to reduce the possibility of injury 
from high voltage. A simple form of: flash barrier is 
provided for the commutators similar to that supplied on 
other high voltage direct current machines. 

The synchronous motor is excited from a second 125 
volt exciter direct connected to the opposite end of the 
set. This exciter carries a compound winding excited 
from the main 3,000 volt conductor so that the motor 
field excitation varies in proportion to the load on the 
set. This provides for the proper excitation to give cor- 
rect power factor with varying loads and also insures 
stable operation under heavy overloads. The equipment 
is designed for the inverted operation control current, 
of regeneration. 

The switchboard is similar in design to other 3,000 
volt d. c. equipment. The 3,000 volt panels are installed 
together with the auxiliary station lighting panel. The 
high voltage panels include one for each of the motor 
generator sets, and one for each outgoing feeder. The 
main circuit breakers are located above and to the rear 
of the switchboard panels so as to be well out of reach 
to prevent accidental contact. They are remotely con- 
trolled from operating levers located on the front of the 
panels. A 3,000 volt line switch is also included with 
each circuit breaker. These switches are remote con- 
trolled from the front of the panel, as a safety measure. 
The switch handles for the circuit breakers are inverted 
to distinguish them from the line swiiches. The alter- 
nating current switchboard is electrically controlled 
throughout. For lightning protection a 96,000 volt alum- 
inum cell arrester is installed in the high tension room 
of the station. 


As a protection from short circuits and excessive over- 
loads a high speed circuit breaker is installed with each 
motor generator set. This is connected to the negative 
terminal of the machine and arranged to connect a lim- 
iting resistance into the circuit upon opening. At the 
same time the station circuit breakers are opened com- 
pletely cutting off the power supply. , The speed of these 
circuit breakers is such that resistance inserted in the cir- 
cuit before the short circuit current reaches sufficient 
value to injure the apparatus. 
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Other auxiliary equipment supplied to the station in- 
cludes a 15 ton hand operated crane, a portable oil filter 


press and oil testing equipment, and a stationary com-— 


pressor set. For control current a 434 kw. battery charg- 
ing motor generator set is used with a 170-volt storage 
battery. 


Power Lines 


The railway company’s high tension transmission 
line has been constructed with duplicate circuits 
mounted on separate wood poles between Jundiahy and 
Louveira a total distance of 10 miles. At Jundiahy this 
line is permanently tied in with a new line constructed 
by the Sao Paulo Light & Power Co. extending a dis= 


tance of about 17 miles to the hydro-electric station at 


3,000-volt d. c. Generator and Feeder Railway Switchboard — 


Parnahyba. The power company’s line is constructed 
with an Ff type pole line carrying the duplicate circuits. 
This transmission line from the water power plant to the 
substation will thus be operated over a distance of 27 
miles, as a single system at 88,000 volts 3 phase 60 cycle. 
The line is designed for ultimately supplying three sub- 
stations and the conductors are of 1/0 B&S stranded cop- 


per which will insure a very low line loss under ordinary — 


operating conditions. On the railway company’s line two 
cross arms are used with large pin type insulators. A 
ground wire is also carried on each transmission line for 
lightning protection. 

Secondary Distribution——The overhead line construc- 
tion is of the same general design as that used on the 


| 


; 
iy 
i 


| 


Chicago, Milwaukee & St. Paul Railway. 
as the twin catenary construction having two 4/0 trolley 
wires supported from the same steel messenger by loop 


call “hard spots.” 
‘track construction and cross span for muittiple track 


wire is used over each track. 
the General, Electric Co. includes hangers, pull offs, cop- 
per and steel wire, miscellaneous hardware, etc., 


| 
Z 


——_————— 


July, 1921 


This is known 
hangers. Wood poles suitably guyed are used for sup- 


“porting the catenary. The hangers for the two contact 
wires are attached at alternate points giving a most flex- 


ible type of construction and insuring the elimination of 


Bracket supports are used on single 
‘work. The normal height of the contact wire is 21 ft. 
above the rail. For all sidings and yard tracks a single 


The material furnished by 


for 76 


miles of track. The use of the twin catenary construc- 
tion is particularly successful for lines operating heavy 
trains requiring the collection of large amounts of cur- 
In addition to the ad- 


rent through pantograph trolleys. 
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arrangements were necessary 
the locomotives from the shop 
vide the necessary test-track about one mile of extra 
rail was laid on the East Erie Commercial Railroad with 
5 ft. 3 in. gage. In order to transport the locomotives 
from the shops to the test track a distance of about three- 
quarters of a mile, special transfer trucks were used; 
one for each truck of the locomotive. By means of these 
trucks, which operate on their own wheels of standard 
gage the locomotives were moved out over the usual trans- 
fer table and standard gage track to the special gage sec- 
tion provided for testing. Upon reaching this section they 
were moved off the transfer trucks over a ramp, the end 
of which was elevated to the same height as the special 
trucks. 

A complete set of tests were run on all locomotives 
including regenerative braking and high speed running. 
After test the locomotives were transferred to the ship- 


to provide for removing 
to the'test track. To pro- 


i 


its 18'0"_- 


a LA J 


ENAZ WZ 


BE qladder 


“FOr TOY fort Pea age ae ie 
“4 War tor a } ao ay } - SNS “4 5tee/ Supports i Dlole 
| Platform for Paling © = Ws Mae) 4 a 
| trees * hb es alll 
dee cele A Hef LLL LLLG LALLA LLL LLL YL CH 
Oil Storage Tank’ | AC-Switchboard ? Compensator Y 
me Diam. 12'0 = | a : ev Ber es ae ana A 
ee o=S5 — ——— —— —————— _——— ———— 2 
oe aR 
: ieee 3. g 
r Pj = < 
4"ledge to support femporary Bacersent u's SIs g 
wood floor when pit and fees Elevation S ia ee 4 a 
are not in use ot is a 
~ a ae | as au 
: Erection my : g 
: [oe ae Ono as ee y 
! | 
Space ae y 
Top of rail, elevation 4'0"below || be I/O" Hie att q| 
Machine Room floor, ground || Hs _ High Speed. a i 
level 12" below top of rai! | Circuit Breaker ony on ss = 
| Motor Generator." ofor Generator ‘Motor Generator 
lest ZNosee Set. No.3. 


Arrangement of Apparatus at the Louveira Substation on the Paulista Railway. Power is Received at 88,000 Volts—3 Phase—60 Cycle 


vantage of the twe contact wires for handling the cur- 
rent required, this construction also insures practically 
sparkless commutation at the point of contact, both for 
heavy freight and high speed passenger operation. 


Bonding 
The weight of rails on this line is 91 lb. and these are 


| bonded with the pin terminal type bond 42” in length 


and 211,600 circular miles cross section. Cross bonds 
are also used for interconnecting the rails of the same 
track and for bonding between tracks on the multiple 
track sections. 


Locomotive Testing and Shipment 
In the preparation of the electric locomotives for test- 
ing and for export shipment there are a number of un- 
usual features which may be of interest. The gage of 
track on the Paulista Railway being 5 ft. 3 in. special 


and Changed to 3000 Volt D. C. by Three 1500-Kw. Motor Generator Sets 


ping department where they were disassembled and pre- 
pared for export shipment. The cab complete was re- 
moved from the truck and the pantograph, bells, etc., re- 
moved from the cab roof. Each truck was shipped sep- 
arately without removing the motors from the truck 
frame. In the case of the passenger locomotive, each 
bogie truck was shipped with the adjacent motor truck 
without disassembling. On account of the large vessels 
available for making this shipment it was not necessary 
to reduce the locomotive to small packages. 

Progress on the construction is shown by the fact that 
the eet freight locomotive was ready for test March 15; 
during the onth of May three freight and one passenger- 
locomotives were shipped and progress on the balance of 
the order indicates that similar shipments will be made. 
the following two months in accordance with the terms, 
of the contract. 
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Pyrometers Promote Locomotive 
Efficiency. 


S A positive check on the efficiency of superheater 
A locomotive performance, pyrometers have demon- 
strated their great value. They register steam tempera- 
tures at all times, and enable engine crews to keep a 
constant check on the fire, water level, draft conditions 
and locomotive performance generally. A locomotive 
cannot be operated without a steam gage. Why should 
it operate without a temperature gage, since its efficiency 
is dependent upon the degree of superheat attained? 

To illustrate the importance of pyrometers, a hypo- 
thetical case is assumed of a locomotive operating with- 
out one and hauling a specified train load on a regular 
run. Suppose that the locomotive operates on the first 
trip all right as far as steaming and fuel consumption 
is concerned. A front end air leak may develop on the 


Location of Pyrometer Indicator in Cab 


second trip and easily pass overlooked for a day or two. 
Gradually the engine crew notices an excessive coal 
consumption, and finds difficulty in keeping up steam. 
As the leak becomes greater the flues get dirty, the fire- 
man is finally unable to keep up steam pressure and the 
locomotive fails on the road. 

When locomotives are equipped with pyrometers, how- 
ever, troubles are apparent as soon as they develop, and 
can be corrected. Any defect which tends to decrease 
the gas temperature and resulting steam temperature is 
immediately reflected in the pyrometer. A low steam 
temperature warns the enginemen that something - is 
wrong and when this is reported at the end of the trip, 
the roundhouse force can locate and correct the trouble 
before the locomotive goes cn the road again. 


It is important that engine crews be instructed as to 
the purpose of pyrometers and this instruction should 
require but a short time since they already know that 
the efficiency of a superheater locomotive depends upon 
the amount of superheat attained. A crew, trained to 
operate a locomotive equipped with a pyrometer, can 
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check its operation and know when it is working at 
highest efficiency. Defects in operation, being made 
apparent by a low steam temperature reading, can be 
quickly corrected, and with a little practice, avoided. The 
net result is a saving in fuel and more efficient locomo- 
tive operation. 


Defects Shown by Low Pyrometer Readings 


Where pyrometers are being used, many enginemen 
depend more completely upon their indications than upon 
the steam gages. When a locomotive is working under 
average conditions, and a perceptible drop in steam tem- 
perature is noted, some of the following defects either 
in the operation or the condition of the locomotive may be 
looked for. 


First—The water level in the boiler may be too high, 
causing priming. The superheater then has to evaporate 
the water in the steam and consequently the final tem- 
perature of the steam is reduced. 


Second—The fire may not be in a proper condition, 
due to too heavy or too light firing. Either condition 
will reduce the firebox temperature and consequently the 
final temperature of the steam. 

Third—A portion, or all, of the large boiler flues may 
be stopped up. 

Fourth—Air or steam leaks may be present in the 
front end, a condition which seriously affects the draft. 

Fifth—The damper may not operate properly and 
interfere with the passage of gases through the flues. 

Any one or any combination of these defects will 
cause a reduction in steam temperature which is imme- 
diately indicated by the pyrometer. 


View Showing Steam Fixture in Steam Pipe and Connection to 
Cab Through Handrail 


The first two of these conditions can be prevented or 
corrected by the enginemen; the last three should be 
reported for attention at the terminal. Prompt atten- 
tion to these conditions will save hundreds of thousands 
of dollars for the railroads, not only in fuel, but in elim- 
inating delays and preventing minor repairs from becom- 
ing costly. Advantages resulting from the use of pyro- 
meters would seem to warrant the general application of 
these instruments to all superheated locomotives. 


A Substitute for a Three-Way Switch 


Three and four-way switches are used in some cars 
for controlling the lights. Fig. 1 shows a diagram of con- 
nections used in certain baggage cars which have three- 


4 Way Switch 3 Way Switch 
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Fig. 1—Three Point Control Using Two 3-Way Switches and One 
4-Way Switch 


way switches, one located at either end of the car and a 
four-way switch near the side door. It is quite possible 
to use four-way switches in place of three-way switches 
by connecting them as shown in the diagram in Fig. 2. 


4 Way Switch 
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Fig. 2—Three Point Control Using 4-Way Switches in Place of 
3-Way Switches 


This knowledge should be of value to the car lighting 
maintenance man as the stock of switches is usually 
irregular, and when the supply of three-way switches is 
exhausted, a four-way switch may be substituted. 


Is This Luck? 


He worked by day 
And toiled by night, 
He gave up play 
And all delight. 
Dry books he read 
New things to learn 
And forged ahead 
Success to earn. 
He plodded on 
With faith and pluck 
And when he won 
Men called it luck. 
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Promotion 


Promotion comes to him who sticks 
Unto his work and never kicks, 
Who watches neither clock or sun, 
To tell him when his task is done, 
Who toils not by a stated chart, 
Defining to a job his part, 

But gladly does a little more 

Than he’s remunerated for. 

The man in factory, company or shop 
Who rises quickly to the top 

Is he who gives what can’t be bought 
Intelligent and careful thought. 


No one can say just where begins 
The service that promotion wins 
Or when its ends ’tis not defined 
By certain hours or any kind 

Of systems that have been devised, 
Merit cannot be systemized ; 

It is at work when it’s at play, 

It serves each minute of the day, 
*Tis always at its post, to see 
New ways of help and use to be. 
Merit from duty never shrinks, 
Its cardinal virtue is—it thinks! 


Promotion comes to him who tries 
Not solely for a selfish price, 

But day by day and year by year 
Holds his employer’s interest dear, 
Who measures not by what he earns 
The sum of labor he returns; 

Nor counts his day of toiling through 
Till he’s done all that he can do. 
His strength is not of muscle bred, 
But of the heart and of the head 
The man who the top attains 

Must demonstrate that he has brains. 


The Short Cut 


An ambitious young man went to a university professor 
and said: “Sir, I desire a course of training which will 
fit me to become the superintendent of a great railway 
system. How much will such a course cost, and how 
long will it take?” 

“Young man,” replied the professor, “such a course 
would cost you $20,000 and require twenty years of your 
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time. But,;-on the other hand, by spending $300 of your 
money and three months of your time you may be elected 
to Congress. Once there you will feel yourself compe- 
tent to direct not one but all the great railroad systems 
of our country.”—Santa Fe Magazine. 
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Answers to Last Month’s Questions 


rt. Is there any explanation for the magnetic storm in 
the Aurora Borealis which upset so many communication 
lines on May 16? 

2. If you have two steel bars of exactly the same size 
and appearance and only one of them is magnetized, how 
is it possible to determine which is the magnetized bar, 
keeping in mind that nothing but the two bars are to be 
used for testing? 

3. When the battery on a car shows abnormally low 
voltage, 
it has been charged? 

4. Can vou give me any information regarding the 
reconnecting of a°220 volt, 2 phase, 4 wire, 60 cycle in- 
duction motor so that I may wse it on 440 volts of the 
same frequency? 

I believe the following to be the correct answers to the 
June questions: 

1. This was caused by sun spots. 

2. If A. G. R. means permanent bar magnets, such 
as are used on a magneto, they can be tested in the fol- 
lowing manner: referring to Fig. 1, if A is the mag- 
netized bar it will attract bar B, and if B is the magnet- 
ized bar, A will not be attracted, for midway between the 


B \Neutral 
Fig. 1.—Relative Position of Two Steel 


Magnetism 


Bars in Testing For 


north and south poles there is a neutral point at which 
very little magnetism is manifested. 

3. The best way to test a very low battery is to first 
test before charging (with full load on) mark the low 
cells and then test again after charging. If there are only 
a few cells very low, it is ene to charge them apart 
from the normal cells—A. H. M. 

1. Of the numerous theories which have been ad- 
vanced from time to time regarding the Aurora Borealis 
or Northern Lights, and their apparent connection with 
so-called magnetic storms, the most generally accepted 
theory is the one advanced by a Swedish physical chem- 
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ist, by the name of Arrhenius. He believes that under 
certain conditions of unusual activity, the sun discharges 
electrical particles or ions which are drawn toward the 
magnetic poles of the earth. When these ions reach the 
upper layers of air( they give up their electrical energy 
and the result is an electrical discharge through rarefied 
air. This discharge produces an effect very similar to 
that seen in a glass tube from which the air has partially 
been exhausted when an electric current of high potential 
is introduced into the tube by two platinum electrodes at 
either end. Although the cause of the Aurora Borealis has 
never been positively determined, it is believed that it is 
due to an electrical discharge which takes place in the rar- 
efied atmosphere about 50 miles above the surface of the 
earth, this discharge producing the characteristic illumina- 
tion. It has been observed on many occasions that un-— 
usually brilliant Aurora displays take place at times when 
the greatest number of spots make their appearance on 
the face of the sun. It is believed that these sun spots 
indicate that some violent disturbance is taking place on 
the sun and that this disturbance is responsible for the 
unustial electrical conditions which result in the more 
brilliant Aurora display as well as the magnetic storms 
which frequently accompany it. 

Magnetic storms such as occurred on May 15 and 16, 
seem to coincide with the appearance of a large num- 
ber of sun spots. The data obtained as a result or 
many observations tend to indicate that these magnetic 
storms and consequent disarrangement of communication 
lines is in some way related to the number of sun spots 
and their periodical appearance. It is, of course, difficult, 
if not impossible, to prove definitely whether or not such 
is really the case. 

2. Two steel bars, one of which is magnetized, and 
the other non-magnetized, may be distinguished from 
each other without the aid of any other material by a very 
simple and conclusive test. Place one of the bars upon 
a table and hold the other in the hand so that one of the 
ends touches the middle of the bar at rest. If the hori- 


_ zontal bar is attracted by the end of the vertical bar then 


the vertical bar is the magnet. 

3. A test should be made for dead cells when the bat- 
tery voltage is low, which is when the car is first received. 
If an attempt to locate these cells is made after the bat- 
tery has been fully charged, it will probably be found 
that every cell shows top voltage unless there is a severe 
short circuit somewhere between the plates. 

ee 

The answer to question 4 does not appear in this issue, 
probably for the reason that the question itself did not 
give quite sufficient information regarding the particular 
type of motor under consideration. Additional data have 
been secured to the effect that the motor in question was 
of the squirrel cage type. Its revolutions per minute at 
full load are 900, and the stator has 48 coils connected 
in parallel. We are expecting to give a complete answer ~ 
to this question in the next issue. 


Questions for July 
I. Give some reliable test that will show 
not electrol\te contains tron. 
2. In what percentage of iron in electrolyte would 
you consider injurious enough to prohibit the use of the 
electrolyte again?—R. Y. 


whether or 


Outlet Box for Reinforced Concrete 
Construction 


To meet the special needs of reinforced concrete 
work, the Adapti Company, Cleveland, Ohio, has 
brought out a new stamped steel, octagon outlet box. 
The octagon shape offers a flat surface for lock nuts 
and bushings, thus 
making a_ tighte 
and better fit than 
hat obtainable with 
round surface out- 
lets boxes. ihe back 
is removable and is 
i.e) dwinmeplace. by 
SCreWs.- <2. project- 
ing lip is tapped to 
take these screws 
and this also serves 
the purpose of clos- 
jig the key -hole 
slots against leaking 
COmerete ns ne » box 
is nailed to the forms 
through projecting 
ears which are held in place by cover screws. It is 
not necessary to follow the usual practice of trim- 
ming the nails after the forms are taken down, as 
this box leaves both the nails and projecting ears exposed 
and they are easily removed by loosening the cover 
screws. When an extra deep box is required, two or 
more boxes can be used to make one deep unit. The 


box is made for %, 34 and 1 in. knockouts, in any 
combination of outlets. 


Outlet Box With Part Cut Away 


Improved Electric Self-Loading Truck 


Several distinctive features have been included in the 
recently improved truck illustrated, which is made by 
the Cowan Truck Company, Holyoke, Mass. Simplicity 
of design is combined with a minimum of parts all sturd- 
ily constructed. The guaranteed capacity of the truck is 
5,000 Ib. 

The lifting mechanism is of the heavy bell crank type, 
a new application to electric truck lifting mechanism con- 
struction. It is actuated by an independent, heavy duty, 


series wound motor with a worm gear reduction, the plat- 
form elevating vertically with a maximum rise of 4% in. 

The truck, equipped with a full capacity battery, ele- 
vates a 5,000 lb. load in five seconds, and elevates with- 
out load in three seconds. The full lowering time is 
three seconds. The platform may be stopped at any 
point going up or down and the direction of motion re- 
versed. 

An “anti-kick” device takes all far from the steering 
handle when the truck travels over rough spots. The 
power axle consists of only three parts, a shaft, splined 
ball and clutch. The rear end is equipped with a heavy 
bumper which effectually takes all shocks and protects 
the rear end of the lift platform. It is also equipped with 
a draw bar attachment, permitting the truck to be used 
as a lent duty tractor. The draw bar attachment is. in- 


Cowan Electric Self-Loading Truck 


tegral with the frame and, with a load on platform, there 
is no strain on the elevating mechanism. 

Other important features include an automatic brake 
and circuit breaker application, four wheel steer, single 
reduction worm drive of the power axle and easy acces- 
sibility of batteries, lifting and driving motors and con- 
trol mechanism. The batteries are assembled in one tray 
for quick removal and are supported by springs which 
relieve them from road shocks and vibrations under all 
conditions of load. The controller is of ‘the drum type 
with three speeds forward and three reverse. 

The turning radius (extreme outside point) is 7 ft. 
i0 in. By folding the foot pedal and steering handle into 
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a vertical position, the overall length is shortened for use 
on elevators. The.length is 102 in. overall, or 91% in. 
with the step raised. The width is 36 in. overall and 51 
in. high over the steering shaft head. The truck will op- 
erate in intersecting aisles 58 in. wide. Further ad- 
vantages of this truck are its all-steel construction, low 
center of gravity and ruggedness, features which are of 
particular value for the more or less severe usage ac- 
corded trucks in railroad service. 


New Type of Resistance Unit 


High current capacity rheostats which must dissipate 
comparatively large amounts of power are usually made 
with cast iron resistor units, cast in such form as to 
give a large radiating capacity. Cast iron has many dis- 
advantages when used as a resistor. For instance, it is 
heavy, breaks easily, changes its resistance considerably 
with temperature, and disintegrates when subjected to re- 
peated overheating. High resistivity alloys in ribbon 
form compared with cast iron have the advantage of 
light weight and are not easily broken. However, as 
ordinarily used, there is some difficulty in supporting 
ribbon resistors so that they will not sag and short 
circuit. 

The Ward Leonard Electric Company of Mt. Vernon, 
N. Y., has recently: developed a ribbon resistor unit, 
which is so designed as to utilize the strength of the 


New Resistance Unit 


material to such a degree that the complete unit is self- 
supporting. This unit is made by forming metallic 
ribbon into the trough or channel-shaped section which 
is flattened at both ends and in the middle. The unit 
is then bent about the middle to form a “V” as shown 
in the accompanying illustration. 

The complete resistor is made up of a number of such 
units connected in series or parallel. When connecting 
in series the units are mounted in zigzag fashion, being 
joined at the feet where they are held in close contact by 
a bolt through the panel board. When they are used in 
parallel the connections are made by means of busbars 
which join the feet of the resistors so connected. This 
inverted V-shaped unit when firmly attached to the panel 
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possesses extreme rigidity and is said to maintain its posi- 
tion independent of expansion and contraction, even when 
heated as under heavy load conditions. 


Starting Switch for Small A-C Motor 


An a-c motor starting switch for use in connection 
with small alternating current motors has recently been 
brought out by the General Electric Company. The de- 
vice consists of a triple or four-pole, single-throw, quick- 
make and quick-break switch and two special receptacles 
with left-hand screw threads for the protective plugs, 
mounted on a base and totally enclosed in a sheet steel 
case. The operating handle projects through the front — 
of the case. The switch can be furnished with or with- 


Small A. C. Motor Starting Switch 


out barriers and it will be noted that the switch without 
barriers is limited for use with three-phase, 110 and 220- 
volt motors, while the switch with barriers should be 
used with three-phase, 440 and 550-volt motors, and with 
all two-phase motors. 

When the operating handle is pulled out, the switch 
is closed, and when the handle is pushed in, the switch 
is opened, 

Overload protection is obtained by two time-limit pro- 
tective plugs. These plugs contain a stationary contact 
post with a heating coil and a fusible link which binds a 
spring contact arm to the stationary post. In case of an 
overload, the current passing through the heating coil 
heats the contact post sufficiently to melt the low fusing 
alloy, which holds the two parts of the fusible link to- 
gether, thereby releasing the spring contact arm, which 
opens the motor circuit. By reason of the time lag in 
the heating coil, the momentary inrush starting current 
will not cause the plugs to open the circuit. 

Each switch is provided with a locking plate arranged 
for two padlocks, thus permitting the switch to be locked 
independently by two individuals. 
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The National Carbon Company, Inc., Cleveland, 
Ohio, announces a substantial reduction in the price of 
all standard types of Columbia dry batteries. All new 
prices were effective as of June 1, 1921. 


For the four months ended April 30 the Niagara 
Falls Power Company and Canadian Niagara Power 
Company reported a combined net income, after taxes 
-and charges, of $609,953. Operating income amounted 
to $1,152,764, and total income $1,257,151. 
The Westinghouse Electric & Manufacturing Com- 
pany has recently established a system of inter-plant 
wireless communication service for the transaction of 
company business between its factories located in various 
cities. The plants which are being equipped are those at 
Cleveland, East Pittsburgh, Springfield, Mass., and 
Newark, N. J. 


The Bryant Electric Company, Bridgeport, Conn., 
announces the appointment of Hoyt Catlin as its adver- 
tising manager. For a number of years Mr. Catlin has 
been connected with the electrical industry and since 

January, 1919, he has held the position as sales engineer 
with the Bryant Electrical Company, in which capacity 
he has been active in developing and selling heater 
switches and other specialties. 


The Electric Service Supplies Company, 'Philadel- 
phia, Pa., will act as exclusive selling agent for the Peer- 
less Equipment Company of Hanover, Pa., manufacturers 
of the Peerless armature repair machinery and Segur coil 
winding tools. Heretofore Peerless armature tools were 

manufactured by the Manley Manufacturing Company, 
York, Pa., and Segur coil winding tools were manufac- 
tured by the Electrical Manufacturers Equipment Com- 
pany, Chicago. 
_ The Adapti Company, Cleveland, Ohio, announces 
that it has purchased the property and building formerly 
occupied by the Cleveland Refrigerator Company, 72nd 
street and Oakwood-avenue. The new factory makes 
available four times the manufacturing space which the 
company has at present and the adjacent vacant ground 
included in the purchase will permit of liberal future ex- 
pansion. It is expected that operating will begin at the 
new plant after July 15. 
The B. F. Goodrich Company of Akron, Ohio, has 
recently announced the organization of the International 
B. F. Goodrich Corporation. The new company, which 
has just been incorporated under the laws of New York 
| with an authorized capital of $10,000,000, will represent 
the B. F. Goodrich Company in all foreign countries ex- 
cept Canada. It will take over the parent company’s in- 
terests in factories located in France and Japan, as well 
_as its selling subsidiaries in Great Britain, Italy, France, 
South Africa, Straits Settlements and Porto Rico, acquir- 
ing distributors in all foreign countries. All of the dif- 
ferent products now being made by the company in the 


Akron factories, will come within the scope of the new 
company. The New York offices will be located at 1780 
Broadway and the administrative and operating offices 
at Akron, Ohio. 


The Western Electric Company announces ten 
changes in its organization. F. H. Leggett, formerly 
eastern district manager, has been appointed general 
manager of telephone distribution and J. B. Odell was 
promoted to telephone distributor at New York. L. M. 
Dunn was transferred to New York as manager of the 
supply distribution. E. A. Brehm was appointed manager 
of the distributing house, while R. W. Van Valkenburgh 
was promoted to manager of the supply distributing 
fovise sine miladelpnia.w HH. Petriess and E24. Davies 
were transferred to Dallas, Tex. G. T. Marchmont was 
appointed manager at Richmond, Va., V. B. DeForest 
was promoted to manager of the Kansas City house, suc- 
ceeding F. B. Uhrig, who was granted leave of absence. 


A. I. E. E. Standards Submitted for Approval 


The American Institute of Electrical Engineers has sub- 
mitted its standards (1921) edition) to the American En- 
gineering Standards Committee for approval as an Amer- 
ican standard. 

The standards are submitted in accordance with the 
special provision in the procedure of the committee un- 
der which important standards adopted or in process prior 
to 1920 may be approved without going through the regu- 
iar process followed in new work. The standards sub- 
mitted represent the latest revision of the A. I. E. E. 
standardization rules, revised during 1919 and 1920. The 
first edition of the rules was issued in-1899. 

The American Engineering Standards Committee 
would be very glad to learn from those interested of the 
extent to which they make use of these specifications and 
to receive any other information regarding the specifica- 
tions in meeting the needs of the industry. 


Hydroelectric Plan Devised for New York 


According to a recent statement by H. E. Machold, 
speaker of the New York Assembly, the plans for the de- 
velopment of hydroelectric work at Messina on the St. 
Lawrence River, are well wader way and that the work on 
the project might be expected to begin this autumn. It is 
estimated that sufficient power can be generated to op- 
erate all transportation lines and factories, as well as 
lighting plants in the city of New York. “The big prob- 
lem, and it is one of the greatest that has ever con- 
fronted a commission in this state, is now before us,” 
said Speaker Machold. “In brief, it is whether the state 
shall adopt a fiscal policy with reference to the develop- 
ment of the water power whereby the maximum of reve- 
nue shall be directly derived from those who lease power 
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sites from the state, or whether the state shall permit 
private capital to exploit these power sites on terms to be 
fixed by the Public Service Commission so advantageous 
to the public generally using the power, as largely to 
develop the commerce of the state and yield the state 
an indirect return through increased assessed valuations 
flowing from the development of the water powers. The 
undeveloped water powers are along the barge canal, 
Niagara Falls and river, the St. Lawrence river at Mes- 
sina near the Canadian border, and Portage Falls. Of 
course, there are many other prospects, but these are the 
big ones. The Niagara river and Portage Falls are capa- 
ble of much greater development, and all of these phases 
of the subject are now with the commission. Governor 
Miller is much interested in the progress of our work. 
We hope to have our report ready by early fall.” 


Single Phase Lines in Sweden 


The success of electric railways being operated with 
single-phase alternating current in Sweden has attracted 
the attention of American engineers. This is proved by 
a committee of American Engineers, conducted by Mr. 
Shepard, the representative of the Westinghouse Co., 
visiting the Riksgransenbahn recently. Amongst Ameri- 
can experts for electrical railways, Mr. Shepard is reck- 
oned with those, who prefer alternating current for rail- 
- way-service. 

The inspection iasted for over a week, and Mr. Shep- 
ard spoke very highly of the single-phase equipment of 
the Riksgransenbahn, not only owing to the thoroughness 
of the equipment, but also on account of the easy man- 
ner in which the system may be extended. Since special 
suction-transformers have been installed which lead the 
stray currents from the ground back to the rails, the 
disturbances of neighbouring telephone systems have 
been overcome in a most perfect manner. 

This good opinion of the American engineers has to a 
very great extent been merited by the German industry, 
for the railway-line Kiruna—Riksgransen has been con- 
structed under the management and economic responsi- 
bility of the Siemens- Schuckertwerke. Only recently a 
number of additional 2—6-+-6—2 locomotives have been 
ordered for the Riksgransenbahn from the Siemens- 
Schuckertwerke and the Allgemeine Elektrizitats-Gesell- 
schaft, Berlin 


Japan’s New Radio Tower 


The reinforced-concrete wireless tower built at Tokyo 
for the Japanese government is said to be the highest 
monolithic structure in the world. It reaches 660 ft. 
above ground and tapers from 55 ft. in diameter at the 
bottom to 4 ft. at the top. The corresponding thicknesses 
of the shell are 33 in. and 6 in. The footings extend to a 
depth of 12 ft. and have an area of about 6,000 sq. ft., 
resting on gravel and clay. The work required about 
6;000 cu. yd. of concrete and 425 tons of steel. 


Telephones and Population 


The Assistant Postmaster-General of the United King- 
dom, answering a parliamentary inquiry recently, said 
that the total number of telephones in service in the Brit- 
ish Isles on Dec. 31, 1920, was 988,500 and in the United 
States approximately 13,500,000. The ratio of telephones 
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to population was one telerhone to every forty-seven in- 
habitants in the United Kingdom and one to every eight 
inhabitants in the United States. Under the British plan 
of government ownership, an English telephone engineer 
adds, the Post Office Department telephone system can 
barely make ends meet and can promise to do that for the 
next few years only by almost doubling the rates. 


New Electric Railways in Japan 


The Mushashi Electric Tramway Company, recently 
organized, according to the Japan Advertiser, will con- 
struct and operate a new electric railway from Tokyo to 
Yokohama, running approximately 134 miles inland from 
the present railroad. The company will also furnish elec- 
tricity to the villages along the route. Plans are being 
made, according to a translation from the Nagoya Shim- 
bun, for the construction cf a railroad between Nagoya 
and Yamada, a distance of 61 miles. Power is to be sup- 
plied by the Ibugawa Electric Power Company. Another 
line 30 miles long, around the Chita Peninsula, is planned 
by a company to be capitalized at 4,000,000 to 5,000,000 
yen. A translation from the Osaka Mainichi Shimbun 
reports a project for the construction of an electric rail- 
way between Nagoya and Gifu. It 1s proposed to con- 
struct a double-track line paralleling the present steam 
railway, at a cost of about 7,000,000 yen. 


Personals 


H. G. Thompson, who resigned from the Edison 
Storage Battery Company in the fall of 1919 to form 
the Transportation Engineering Corporation, of which 
he was elected presi- 
dent, has es ap- 
pointed sales man- 
ager of the American 
Radio Research Cor- 
poration, Medford 
Hills, Mass) \i 
Thompson has been 
identified with the 
storage - battery field 
for many years, par- 
ticularly in its applica- 
tion to train lighting 
and other railway 
uses. He was born 
in Massachusetts in 
1875, and at the age 
of twenty-one entered 
the employ of the 
Pullman Car Com- 
pany. ‘Iwo years later he was advanced to be foreman 
of electricians. In 1905 he was employed by the Penn- 
sylvania Railroad to take charge of car lighting at Jersey 
City. Later he became associated with the Safety Car- 
Heating & Lighting Company, then with the railway 
department of the Westinghouse Storage Battery Com- 
pany. Inthe spring of 1910 he joined the sales organiza- 
tion of the United States Light & Heating Company and 
later that year the Edison Storage Battery Company. 
He became manager of the railroad department and was — 
elected vice-president of the company, and in 1915 was 
appointed general sales manager. 


H. G. Thompson 


July, 1921 


A. P. Van Schaick has been appointed general man- 
ager of sales of the Page Steel & Wire Company, New 
York, succeeding E. C. Sattley, resigned. W. T. Kyle 
has been appointed assistant general manager of sales. 
The headquarters of both Mr. Van Schaick and Mr. 
Kyle are at the Grand Central Terminal, New York. All 
the company’s general sales are now handled at New 
York for both the Adrian, Mich., and Monessen, Pa., 
plants. 


Mr. Van Schaick began his business career in 1903 in 
the railroad sales de- 
partment of the Pitts- 
burgh Plate Glass 
Company, with head- 
quarters in Chicago. 
From 1906 until 1910 
he was in the employ 
of the Universal Rail- 
way Supply Com- 
pany, with headquar- 
ters in the same city, 
resigning that posi- 
tion during the latter 
year to become dis- 
trict sales manager 
of the Lackawanna 
Steel Company at 
Chicago. In May, 
1919, he went to the 
American Chain 
Company, Inc., Bridgeport, Conn., as special representa- 
tive, with headquarters in Chicago, and was subsequently 
appointed assistant general manager of sales of the same 
company at New York. On January 1, 1921, he was 
promoted to general manager of sales of the American 
Chain Company and other subsidiary companies and now 
becomes also general manager of sales of the Page Steel 
& Wire Company. Mr. Van Schaick has been active in 
the work of railway supply organizations and especially 
of the National Railway Appliances Association, of which 
he “was selected a 
member of the execu- 
tive committee in 
1910, vice-president 
in 1911, and president 
the following year. 
Mr. Kyle was born 
at Baltimore, Md., in 
1883, and began an 
apprenticeship course 
with the Bell Tele- 
phone Company, at 
Philadelphia, Pa., in 
1901. .;l'wo.. years 
later he went with 
the American Pipe & 
Construction Com- 
pany, Philadelphia, 
as district superin- 
tendent, on general 
railroad construction work. He left that position in 
1908 to go to the Duplex Metals Company, New York, 
as a salesman, and later became sales manager of the 
same company. In 1914 he went to the Okonite Com- 
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pany as special representative at New York and in 1916 

entered the service of the Page Steel & Wire Company 

as sales manager of its Armco wire department, which 

position he held at the time of his recent promotion. Mr. 

Kyle served in 1917 and 1918 as chairman of the Rail- | 
way Signal Appliance Association and is now chairman 

of the Railway Telegraph & Telephone Appliance Asso- 

ciation. 


Ira Cushing is now associated with The Condit 
Electrical Mfg. Co., South Boston, Mass., as a sales 
specialist, paying particular attention to circuit 
breakers, switchboards, and switching arrangements. 
Mr. Cushing had been with the General Electric Co. 
for more than eighteen years up to last year, when he 
was sales-engineer representing the Three-E Co., in 
New England. 


Obituary 


E. E. Hudson, who was elected president of the 
Waterbury Battery Company, Waterbury, Conn., in 
March, 1921, died on June 27 at his home in Maplewood, 
Ne fe Mrs Hudson 
for the past 22 years, 
with the exception of 
a little over a year’s 
time, had been in the 
sales and managerial 
departments of con- 
cerns manufacturing 
primary batteries and 
had been identified 
with the installation 
of the primary bat- 
tery. In July, 1898, 
he served as chief 
clerk in the primary 
battery sales depart- 
ment of the Edison 
Manufacturing Com- 
pany, remaining in 
that position until 
June, 1902. Shortly afterward, he served as an ac- 
countant in the controller’s department of the United 
States Steel Company. In December, 1903, he became 
secretary and treasurer of the Battery Supplies Company, 
Newark, N. J., and in 1905 was appointed sales manager 
of that company. When the Edison company absorbed 
the Battery Supplies Company, in 1908, he was appointed 
assistant manager of sales in the primary battery de- 
partment. He became sales manager of that department 
in February, 1909, and in September, 1913, was elected 
also vice-president. In October, 1914, in addition to these 
duties, he was given charge of the manufacturing, as well 
as the sales, and in March, 1915, was made division man- 
ager in general charge of the entire primary battery busi- 
ness of Thomas A. Edison, Inc. In 1914, he was chair- 
man of the Railway Telephone & Telegraph Appliance 
Association and in 1916, he was chairman of the Signal 
Appliance Association, previously having been a director. 
On January 1, 1917, he was elected vice-president and 
general manager of the Waterbury Battery Company and 
since’ March of this year was president of the same 
company. 
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William H. Bloss, manager of the steam railroad 
sales department of the Ohio Brass Company, died very 
suddenly of heart trouble on June 22, at his home in 
Mansfield, Ohio. 
Mr. Bloss was born 
on April 4, 1869. He 
received his engi- 
neering training in 
the Indiana Univer- 
sity. After gradua- 
tion he became en- 
gaged in railroad 
work, and at one 
time was division 
engineer on the 
Santa Me.) Later jhe 
held a position as 
chief engineer of the 
Indiana Union Trac- 
tion Company. Mr. 
Bloss’ connection 
Wel Gh oat he “Ohio 
Brass Company dates from November 16, 1906, hav- 
ing been previously employed by the Buda Com- 
pany of Chicago. His duties with the Ohio Brass Com- 
pany were those of district sales manager in some of the 
central states until about a year ago. Since that time he 
had devoted his efforts to electrification developments and 
other steam railroad problems. Mr. Bloss enjoyed a wide 
acquaintance among electrical men on the steam railroads. 


W. H. Bloss 


; Trade Publications 


Trico Fuse Manufacturing Company, Milwaukee 
Wis., is distributing a number of small envelope folders 
devoted to the illustration and explanation of the Trico 
renewable cartridge fuses. The renewable element con- 
sists of a fuse length surrounded by an are choking pow- 
der which kills the gases and prevents violent explosions. 


The Electric Hoist Manufacturers’ Association, New 
York City, has recently issued a 12-page illustrated bul- 
letin devoted to a portrayal and description of approved 
applications of electric hoists. The pamphlet contains 
numerous photographs showing various types of electric 
hoists and hoisting apparatus in actual service at various 
industrial plants. 


The Copper Clad Steel Company, Rankin, Pa., has 
recently issued a bulletin including the loading tables and 
characteristics of copperweld wire. These tables afford 
complete information as to the diameter cross-section, 
breaking load, allowable tension, load to lineal foot, elas- 
ticity and resistance of stranded, solid-bare and _ solid- 
weatherproof copper-clad wires. 


Warren D. Spengler, Inc., Cleveland, Ohio, is distribut- 
ing a number of envelope folders, the general title of 
which is a series of engineering service talks. The first 
folder explains the advantage of periodical tests of equip- 
ment insulation, the second drying electrical equipment 
to restore insulation value and the third emphasizes the 
importance of analyzing power costs. 


Benjamin electrical products are described and illus- 


trated in a new catalog, No. 23, issued by the Benjamin 
Manufacturing Company, New York. The catalog lists 
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such material as sockets and receptacles, attachment 
plugs, reflectors and reflector fixtures, signals, push but- 
tons, portable lamps, panel boards with cabinets, water 
and moisture proof fittings and fixtures and marine panels 
and cabinets. 


The Cutler-Hammer Manufacturing Company, Mil- 
waukee, Wis., has recently issued on 8-page bulletin 
printed in five colors in which is shown a new line of 
auito-transformer starters to be used in connection with 
squirrel cage induction motors in capacity from 5 hp. 
upward. The bulletin shows a number of photographs 
ot both the inside and outside parts of the starters. The 
new line of auto-transformer starters is known as 9141. 
The new C-H inverse time limit overload relay is one 
of the features which is incorporated in the 9141 auto- 
transformer line. 


Curtis steam turbines for driving circulating and boiler 
feed pumps, as well as centrifugal pumps for all purposes, 
fans, blowers and other apparatus, are described in Bul- 
letin 42019, issued by the General Electric Company, 
Schenectady, N. Y. The bulletin includes a description of 
the principles involved in this turbine and a careful sum- 
mary of its several parts, including wheel, shaft and 
buckets, wheel casing, bearings, packing, governor, gov- 
ernor valve, emergency governor and other elements. 


Electric Arc Cutting & Welding Company, Newark, 
N. J., has recently issued a 52-page booklet entitled 
“Alternare” Portable Welding & Cutting apparatus. The 
pamphlet is 74% by 10! in. and contains -particulars of 
portable cutting and welding machines, electrodes, sup- 
plies and accessories manufactured by this company. The 
booklet is illustrated with many photographs of the equip- 
ment and of work performed by it, the subjects being 
chosen from the shipping industry, from the railroads and 
from various industrial applications such as steel mills, 
foundries, machine shops and boiler shops. Commercial 
job welding is also discussed. The advantages of weld- 
ing with alternating current are outlined at some length. 
Diagrams are included showing the manner of connecting 
one or more machines to various types of alternating 
current systems. 


General Electric Company, Schenectady, N. Y., has re- 
cently issued two bulletins, Nos. 41311A and 48032 re- 
spectively. The first of these describes and illustrates 
synchronous condensers and the second synchronous 
motor control apparatus and exciters. Some of the ad- 
vantages of making the synchronous condenser a part 
of the power system for power factor control are men- 
tioned in the first bulletin. Automatic starting and con- 
trol equipment for synchronous condensers in places 
where it is not always possible to have attendants, 
is also described. Calculations necessary in figur- 
ing on synchronous condenser installations, a wiring dia- 
gram, and other data are included in the bulletin. The 
second bulletin, describing synchronous motor control 
apparatus and exciters, shows five standard types of di- 
rect-connected exciters and two types of belted exciters. 
Four general types of compensators for use with syn- 
chronous motors are described in detail, as is also the 
switchboard panel equipment and rheostats used in con- 
nection with this apparatus. Diagrams of connections, 
table and compensator dimensions and of compensators 
for use with different motor types are included. 
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Although steam locomotives spend the greater part of 
their existence on the roads for which. they were pur- 
chased, it cannot be denied that it is 
a tremendous advantage in cases of 
emergency to transfer motive power 
to other roads for temporary use. 
This versatility of service has no 
corresponding feature on the part of the electric locomo- 
tive. There is a deplorable lack of uniformity in almost 
every part of electrification projects. It is true, of course, 


Electrification 
Standards 


that electrification is comparatively young, but in spite of 


that some things have been fairly well demonstrated. 
For example, the overhead trolley has been found to stand 
up under severe service. Why not take some steps to 
make overhead construction conform to a standard, at 
least so far as its mechanical construction is‘concerned? 
It is admitted that there are not so very many features in 
connection with different electrification projects that could 
be standardized, but the subject is one upon which much 
thought should be given in every new installation with 
the ultimate aim to make electrified lines of the future as 
flexible, with regard to their motive power units, as steam 
lines are at the present time. 


A number of the railroads that adopted open crates for 
lead car lighting batteries a few years ago are beginning 
to show favor again to the solid bat- 
tery crate. The open crates have a 
number of advantages, such as re- 
duced labor charge at cleaning pe- 
riods, lower cost, less weight, etc., 


Open vs. 
Solid 
Battery Crates 


and in some cases these advantages seem to be sufficient 
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to warrant their continued use. In a number of cases, 
however, the larger number of leaky tanks which develop 
in the open crates has more than offset the advantages. 

The leaks usually develop in the bottom of the lead 
lining or in the sides near the bottom. Battery seals crack 
and a certain amount of electrolyte will get down around 
the bottom of the lining on the outside with resultant 
trouble due to electrolysis. If the lead is allowed to come 
in contact with the wood of the crate, it is apt to become 
pitted by the action of acetic acid from the wood. To 
prevent this a piece of roofing paper is placed between 
the tank and the crate. This helps the situation, but 
after a time the quality of the paper often changes so that 
it has most of the properties of a blotter and retains some 
of the acid, or electrolyte. 

Successful use of the open crates undoubtedly depends 
upon the methods used, the conditions under which the 
battery must work and the quality and weight of the lead 


from which the tank is made. Many railroads. have had 
splendid success with the open crates and their battery 
repair men declare they are better, but the general ten- 
dency seems to be to revert again to the use of the solid 
crate. 

This probably accounts partly for the renewed interest 
in rubber battery jars. There are now a number of them 
on the market. Rubber jars have been used exclusively 
on the Atchison, Topeka & Santa Fe with 200 ampere- 
hour batteries for a long time. They have given excel- 
lent satisfaction and the cost of broken battery jars has 
been as low as 16 cents per car per month. The makers 
of the new types of rubber jars claim much in the way of 
increased mechanical strength, and if increased strength 
can be combined with a sufficiently low first cost, the 
rubber jar may easily become a serious competitor to the 
lead tank used with either type of battery crate. 


Economy in railroad operation, as with everything 
else, depends upon the economies that are effected in the 
individual departments which com- 
pose the whole. Although the or- 
ganization is, of course, greater than 
any one of its constituent parts, it is 
nevertheless impossible for it to func- 
tion economically if some of its departments are careless 
in the discharge of their duties. This applies to the elec- 
trical department just as surely as it does to any of the 
larger departments, for even though the electrical forces 
may be relatively small on some roads, the work which 
is assigned to the electrical men is of such nature that 
much depends on its proper execution. Power houses, 
transmission lines, lighting installations, headlight and 
car lighting maintenance work, as well as numerous mis- 
cellaneous motor applications in shops, roundhouses and 
other buildings all have their missions to perform. More- 
over, upon the proper functioning of this equipment de- 
pends the efficient execution of many other operations. 
The actual cost of neglected maintenance is such an in- 
tangible quantity that it is practically impossible to com- 
pute it with any degree of accuracy. It is, nevertheless, a 
very real expense and never fails to show up on the wrong 
side of the balance sheet. 

In these days when most stringent economies are being 
practiced by all roads, there is a tendency to reduce ex- 
penses by reducing the number of workmen. So far as 
casual appearances go, economy is gained by the practice. 
It is not always wise, however, to be guided entirely by 
superficial appearances. Virtue may be carried to such 
an extent that it becomes a vice, and it is quite an easy 
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matter to reduce the number of workmen to a point where 
an apparent saving is in reality a genuine expense. 

It is not an easy matter to determine just how far forces 
can be reduced before financial loss actually begins. As 
a matter of fact, it is usually very difficult. Each case 
presents an individual problem and calls for an individual 
solution. Of-all men to determine what the requirements 
of any maintenance problems are, there is none better 
situated than the foreman. He is close enough to the 
work to know the condition of the equipment at all times 
and should have a thorough knowledge of what is needed 
to keep it in efficient operating condition. The right sort 
of foreman will accumulate irrefutable data to prove that 
a reduction of his forces below a fixed point will be an 
expense and not a saving. Not only will he save money 
for his employer in this way, but he will incidentally dem- 
onstrate beyond question the fact that he is thoroughly 
familiar with his business. 


Many ingenious methods of electric wiring have been 
applied to enginehouses, but the problem of putting in a 
system that is practical and will last 


Enginehouse is a difficult one; as yet no one has 
Wiring developed a system so much better 
Systems than any of the others that it has 


been generally adopted. To meet re- 
quirements it must be rugged enough to stand a certain 
amount of mechanical abuse at points where it may be 
struck by objects moved about the enginehouse, and it 
must not deteriorate rapidly under the effect of the loco- 
motive gases. 

Wiring, all in conduit with and without vapor-proof 
fittings, has been tried extensively in enginehouses with 
somewhat doubtful success. If the conduit is run over- 
head on the roof trusses and rafters, the locomotive gases 
cause it to deteriorate rapidly even when efforts are made 
to prolong its life by painting. If the conduit to the ex- 
tension outlets (and to the overhead lights, if used) is 
run underground, it will corrode and get broken in a 
comparatively short time at the point where the conduit 
goes into the ground, if it does not leak and go to pieces 
underground. 

To avoid these difficulties one railroad has adopted the 
method of suspending the overhead conduit on messenger 
wires at a point high enough to be out of the way and low 
enough to be below the gas line the greater part of the 
time. Another road uses wood strips nailed between the 
roof supporting columns in place of the messenger wire. 

The method now probably used more extensively than 
any of the others, employs open wiring overhead with 
conduit risers from the lighting units and extension out- 
lets. The rubber cov ered wire used for the open wiring 
seems to withstand the action of the gases very well, and 
while the conduit risers stop below the gas line they pro- 
tect the wiring against mechanical damage. In one in- 
stance where this type of wiring was employed the en- 
ginehouse doors became charged with electricity due to 
leakage over the surface of fe knobs that held the over- 
head wire. This was corrected by wiping off the knobs 
and was probably caused by the fact that locomotives 
were blown off in the house. 

Still another road is using lead covered duplex wire 
with conduit risers for protectors near the ground. The 
lead covered wire is secured to the roof members with 
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lead straps and copper nails. This method is simple and 
bids fair to last a long time. 

A number of the methods will be described in future 
issues of the Railway Electrical Engineer, and it is hoped 
that enough good points will be brought out to aid in fur 
thering a movement to adopt a method of wiring that 
will be best for the great majority of conditions encoun- 
tered in enginehouse wiring. If you have a method of | 
wiring which has good points differing from those men- 
tioned here, you will perform a service by notifying te | 
Railway Electrical Engineer. 


New Books 


Proceedings, Engineering Association, American Electric Railway Associa- 
tion, 1920. One volume, 6 in. x 9 in.; illustrated. Published by The 
American Electric Railway Association, 8 West 40th street, New York. 

The 1920 proceedings of the Engineering Association 

published in this book include a number of subjects which 

have been discussed in such a way as to be of general | 
interest to railroad men. Among the committees report- | 
ing were those on Buildings and Structures, Equipment, | 

Heavy Electric Traction, National Electric Safety Codes, | 

Power Distribution, Power Generation, Standards and | 

Way Matters. 


Engineering Instruments and Meters. By Edgar Griffiths. 7 in. x 10 in 
Bound in cloth. 360 pages, illustrated. Published by D. Van Nostrand 
Company, 8 Warren street, New York. | 

The writer in preparing the book has attempted to give | 
a brief review of the appliances which have been devised | 
for the measurement of length, screw threads, area, vol-_ 
ume, velocity, force, mass, work, temperature, etc. The 
book should enable the reader to appreciate the advan- | 
tages and drawbacks of the various types of instruments | 
for making any particular measurement, and to choose 
the instrument best suited to his requirements. 


Electrical Machinery, By C. A. Annett, 5 in. x 8 in. 
Published by McGraw-Hill Book Company, Inc., 
New York. 


Bound in cloth, 
239 West 39th street, 


This book contains a course of study in industrial elec- 
tricity and is intended for home students and men en 
eaged in the practical operation of electrical machinery. 
The author has made a special effort to present the sub- 
ject in such a way that the students will avoid the diffi- 
culties which frequently occur in comprehending certain 
elementary laws, and has dealt with problems that occur 
in daily work. Much of the text appeared in “Power” 
as part of a series of articles entitled “Brief Electrical 

Study Course.” | 


National Electrical Safety Cods. Issued by the U. S. Bureau of Standards. 


Third edition. Washingtcn Government Printing Office, 1921. (Hand- | 
book Series No. 3.) 366 pages, 5x8 in. Bound in cloth. : 


About four years ago the Bureau of Standards pub- 
lished the completed text for this Code for examination | 
and trial use, an early revision being contemplated. War 
conditions interfered with this trial, so that the publication | 
of a new edition has been greatly delayed. The revision — 
is now completed and the revised code is now published 
in this handbook for more convenient use. The discus- 
sicn of the rules has been segregated under a separate 
cover so as to reduce the bulk of the main volume, and 
will appear as Bureau of Standards Handbook No. ‘4, | 
now in press. 


Night View of Yard Illuminated by High Mounted Units 


Correct Illumination of Railway Freight Yards 


Mounting Height of Lighting Units is of Prime Importance in Eliminating 
Glare and Obtaining Best Results 


By J. H. Kurlander 


Lighting Service Department, Edison Lamp Works, Harrison, N. J. 


S approximately 75 per cent of the revenue of rail- 
roads of the country is derived from the transpor- 
tation of freight, it can easily be seen that anything 

tending to expedite the rapid handling of shipments of 
freight should receive careful consideration, in view of 
the large return afforded by it. Operation here is con- 
tinuous and the lighting installation plays no small part 
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Fig. 1—Requirements for Proper Scale Lighting 


in being one of the deciding factors in facilitating rapid 
shipment of freight. 

There are two main applications of light; these are the 
scalehouse and its immediate vicinity and the classification 
and receiving yards. Both require very careful consid- 
eration as the requirements are rather exact. 

The tendency today is to use multiple lamps in both 
cases in order to avoid running high voltage lines around 
the yard. The principal requirements for scale lighting 

are shown diagrammatically in Fig. 1. 

In the scalehouse; the beam and counterpoise must be 
clearly visible and at no point should glaring light sources 
or reflections be present; particularly so from the scale 


master’s stand. The lighting installation of the scale- 
house serves two primary purposes, first to illuminate the 
cars as they approach, mount and leave the scale, and 
second to light the beam and counterpoise of the scale, 
and the scalehouse itself. Where a slight error in weigh- 
ing will interrupt the operation of the entire movement of 
the cars across the scale, it can be easily seen that the 
lighting installation must be of the first order. In Fig. 2 
is shown a method of scale lighting which has worked 
out satisfactorily in practice and is to be recommended 
for average conditions. In cases where the scalehouse 
has no extensions to permit the hanging of units from the 
side of the house, a framework of iron piping could be 
erected at a small expense for supporting these units. 

The hanging heights of the units shown in this figure 
were calculated for the conditions of the scalehouse loca- 
tion and scale length, as shown. Where these dimensions 
vary greatly from those assumed in this case, it may be 
necessary, when installing the units, to adjust them as to 
direction of throw and height, in order to obtain the 
desired intensity on the sides of the cars during the weigh- 
ing operation. 

For lighting the scale beam and counterpoise a method 
which has given good results makes use of three low 
wattage mazda lamps placed in deep bowl metal reflectors, 
so that the skirt of the reflector entirely shields the lamp 
from the scale master’s vision. These units, which are 
pendant, are hung 7 feet above the floor and approxi- 
mately 12 in. to the front of and in a line parallel with 
the beam. The distance between units is approximately 
half the length of the scale beam. 

The lighting of the yard proper is a problem the known 
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quantities of which are always variables No specific set 
of rules can be given for its lighting for even its growth 
is in many cases somewhat difficult to predict. In its 
infancy it may be a siding and as the demands increase 
is added to from time to time until a full fledged yard is 
the result. 

Practically every outdoor illuminant has been applied 
to the lighting of these yards. Some of the factors which 
have placed the incandescent lamp at the head of the list 
of available light sources are low maintenance require- 
ments, easy replacement, comparatively fool proof con- 
struction and simple operation, together with its high 
efficiency. 

Two methods of applying the incandescent lamp for 
yard lighting have been developed, one of which makes 
use of refractor units, and the other, floodlighting pro- 
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the placing of another line of similar units, floodlighting 


projectors should then be resorted to in order to secure a 
desirable intensity. In lig. 4 is shown a method of flood- 
lighting employed for the same yard, the direction of 
throw of each floodlight being indicated by the arrows, 
It will be noticed that the units are staggered so that the 
individual cone of light from each floodlight fits into the 
neighboring ones, thus covering the entire yard. For this 
system 500 watt mazda C floodlighting iamps are used 
in projectors with a spread of approximately 50 degrees, 
The units are spaced 300 feet apart and should be 
mounted not less than 30 feet high. High mounting is 
always preferable in order to reduce glare to a minimum 
and keep shadows short. The 500 watt unit is applicable 
in yards of from 200 to 400 feet in width. Above 400 
feet the 1000 watt mazda C multiple lamp should be em- 
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Fig. 2—Method of Scale Lighting in Common Use 


jectors. Each has its advantages and disadvantages, and 
each system has its adherents. One of the most serious 
objections to the use of floodlighting, when not properly 
employed, is the ever present bce evil. Where these 
units are mounted high, however, and their direction of 
throw is with or across the tracks and not opposite to 
the movements in the yard, their use for lighting large 
yards is recommended. For small yards the refractor 
units are to be preferred. In Figs. 3 and 4 are shown 
two methods of yard lighting. The first makes use of 
300 watt mazda C multiple lamps in prismatic glass re- 
fractor units mounted not less than 30 feet high, in the 
case of narrow yards, and spaced approximately 200 feet 
apart. This system is particularly applicable to long, 
narrow yards whose width does not exceed 200 feet. 
Where the width of the yard is greater than this and 
there is no opening in the center of the yard to permit 


ployed in floodlighting projectors with suitable spacing 
and mounting height. 

Fig. 5 gives data pertaining to these three types of in- 
stallation. The results from either type are bound to 
be satisfactory if sufficient light is employed. 

One of the most important factors controlling the suc- 
cess of yard lighting installations is the hanging height 
of units. The two most exacting requirements of yard 


lighting can be satisfactorily met if the proper hanging 


height is obtainable. 
are as follows: 
Illumination of every track irrespective of position of 
adjacent cars, and illumination of every car in the yard. 
A chart which shows at a glance the relation between 
proper hanging height and width of yard is given in Fig. 
6. At the bottom of this diagram is shown probably the 
worst condition to be met with in yard lighting; a coal 


The two requirements referred to 
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‘ear standing approximately in the center of the yard 
flanked on one side by a box car and on the other side, 
two tracks away, by another box car. By the simple 
projection of light rays (shown by dotted lines) to these 
cars from various heights to the side of the yard the cor- 
rect hanging height at which these cars will all be illum- 
-jnated can easily be determined. 

Another bad condition is that of lighting the area be- 
tween box cars on adjacent tracks. No direct light from 
units strung along the sides of the yard can be expected 
‘to light this area. However, with a fairly high mounting 
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| Fig. 3—Plan Showing Method of Lighting Yard with Refractor Units 

height, depending upon the width of the yard, direct light 
striking the upper edge of the box cars will be reflected 
and some light will reach the ground. 

At the top of the diagram is shown these conditions 
applied to yards of widths ranging from that of four 
track yards to twenty-four track yards. The equivalent 
width of yard is given in feet directly below this so that 
in cases where the symmetrical arrangement as shown 
is not in effect, the yard width can be, used directly for 
determining the correct mounting height of the units. 
This diagram is directly applicable to yards up to and in- 


cluding a twenty-four track yard, but for yards exceeding 


this width, lines can be drawn parallel to the ones already 
shown, thus obtaining hanging heights for yards up te 
twenty-eight tracks in width. It is exceedingdly doubtful 


whether yards having greater widths than this will not 


have openings in them which will permit running another 
line of units, thus picking up the area not covered by the 
other units. Example: suppose a fourteen track yard 
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Fig. 4—Plan Showing Method of Lighting Yard 


(180 feet in width) is to be illuminated; at hali the 
width, seven tracks (or 90 feet) will be found a dotted 
line running to 38 feet, similarly for a twenty track yard, 
the height is seen to be 53 feet. These hanging heights 
will evidently meet the most extreme conditions and other 
less exacting requirements will be adequately provided 
for. 

It will be noted from the diagram that narrow yards 
require hanging heights below 30 feet, but in order to 
avoid confusing enginemen and also to reduce glare to a 
minimum, hanging heights of units should, in no case, go 
below 30 feet. 
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In cases where mounting heights as shown cannot be 
obtained, the height nearest to this should be resorted to, 
but at heights less than those specified, it is evident that 
some of the worst conditions will not be satisfactorily 
met. In any event, the roofs of all of the box cars must 
be illuminated, to permit riders coming down the yard 
to distinguish cars and couple them with minimum danger 
of breakage to either car or cargo. In order to facilitate 
this, it is suggested that a narrow strip be painted in 
white on each end of the box car, both on the roof and 
on the end of the car. This simple practice will prevent 
a considerable amount of breakage. 

In one case where special consideration was given to 
this problem and the lighting installation was designed to 
take this into account, a saving of fully 60 per cent was 
effected on breakage of rolling stock due to bumping of 
cars, with attendant increased safety to workmen. 

Night pictures of yards showing the results obtainable 
with these two methods of lighting are shown in Figs. 7 
and in the photograph at the beginning of this article. 
In Fig. 7 the units are mounted very low, about 22 feet, 
in fact, and the resulting glare is naturally objectionable. 
As stated elsewhere, the hanging height should in no 
case be less than thirty feet. 

That high hangings are practical is proven by Fig. 8, 
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Fig. 5—Installation Data Covering Refractor Units and Projector 
Units 
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which shows a close-up of the poles used for supporting 
the units. 
Turntables 


The work of turning the table and engine does not de- 
mand a great amount of light, merely enough for safe 
operation to facilitate stopping the turntable at the proper 
point. 

One scheme of lighting. the table and adjoining area 
which is often employed but cannot have much said in its 
favor, employs 200 watt mazda C lamps in diffusing 
globes placed on the inner edge of the roundhouse roof, 
one unit to every three or four stalls. This method 
wastes the light, little reaching the turntable, the area 
between the table and the roundhouse receiving most of 
the light. 

Another method makes use of floodlights mounted on 
the roof of the roundhouse, projecting light on the area 
involved. As these floodlights throw the light against 
the direction of traffic, however, a great deal of glare may 
be encountered. 

The third and best scheme, especially applicable to 
half circle roundhouses, is to mount 500 watt mazda C 
lamps in deep bowl, porcelain enamel finish reflectors, on 
35 or 40 ft. poles. Two such units are recommended, 
one on each side of the turntable, approximately 35 feet 
away from and slightly to the rear of it. - To eliminate 
the likelihood of the area between the roundhouse and 
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the turntable being left in darkness by the blowing off 
of steam by locomotives while in the vicinity of the turn- 
table, one floodlighting projector with a factory ribbed 
glass front cover to minimize glare should be mounted 
on the center of the roundhouse. For turntable above 60 
feet, it is advisable to mount a 100 watt mazda C lamp 
in an RLM dome reflector with weatherproof holder on 
an iron pipe standard approximately 9 feet high on each 
end of the table. 

In the case of full circle roundhouses, poles cannot 
be conveniently placed without interfering with the track 
arrangement. The use of floodlights placed on the 
roundhouse must be resorted to in such cases, but they 
should be equipped with factory ribbed glass to throw the 
light in a broad band on the area immediately encircling 
the turntable. 


Coaling Stations 


This type of building consists primarily of a track shed 
in which loaded coal cars are run, the coal then being 
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of the station is such as to render local lights necessary at 
those points. 


Stations 


Terminals and Train Sheds.—At the end of all divi- 
sions are found structures commonly referred to as pas- 
senger terminals. These may vary in size and construc- 
tion from the simple, unpretentious buildings to magnifi- 
cent structures of granite and marble, occupying an entire 
city square, making it a veritable city in itself. Aside 
from the ornateness of these buildings there is also at- 
iached a certain advertising value, as a structure of this 
kind becomes known and talked of over the entire coun- 
try. Since it is in use practically all hours of the day, 
it is no smali part that the lighting plays in the impres- 
sions created on the traveling public. Not only must 
light in abundance be provided but the installation as a 
whole must be in harmony with the architecture. 

The principal requirement for lighting outside of the 
spectacular element is that of furnishing adequate illumi- 
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Fig. €—Chart Showing Correct Hanging Heights of Units for Proper Yard Lighting 


dumped into a pit beneath the car, from which it is raised 
mechanically by a conveyer and carried over to the stor- 
age pockets adjoining the track shed. From these pock- 
ets the coal is loaded by means of chutes onto the tenders. 
Adjoining the opposite side of the track shed is a sand 
storage bin from which sand is conveyed to a pocket 
adjacent to the coal storage pockets for loading on the 
locomotives. Fig. 9 shows a typical coaling station, 
together with the arrangement of the outlets. It will be 
noted that in all covered portions of the coaling station 
100 watt mazda C lamps in RLM dome reflectors are 
recommended, while for the outdoor or uncovered parts 
200 watt mazda C lamps’ RLM standard dome reflectors 
are called for. Plug outlets are provided for the insertion 
of trouble lamps at frequent intervals where construction 


nation throughout the entire waiting room to see to read 
for short periods of time with ease and experience the 
general comfort of being ina well lighted interior, There 
are points, such as the ticket windows, bulletin boards 
and entrance to train platforms where efficiency of opera- 
tion demands a high intensity of illumination. To make 
change and sell tickets speedily and with accuracy, and to 
examine tickets with speed makes it desirable to have local ~ 
lighting at these points. 

The form taken by the general lighting system can in- 
deed be varied. Direct lighting from central chandeliers 
or massive fixtures, enclosing units of suitable size, semi- 
indirect, totally indirect, cornice lighting and other sys- 
tems have all been employed with differing degrees of 
success. It is quite outside of the province of this article 


equipment on the stairways. 


to attempt to lay down any broad rules. 
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In view of the 
massiveness of the structure and ornateness of design, 
each problem should be given individual attention. It 
is well to bear in mind that the light colored surroundings 
usually employed act as reflecting and diffusing media, 


and unless care be taken in the design, a flat appearance of 


distortion of perspective may result. 

On the other hand, the light surroundings make the util- 
ization fairly high and tend to provide adequate in- 
tensities with a minimum wattage. 

Unshielded lamps in the field of view should, of course, 


be avoided and care should be taken to eliminate glaring 
reflections from polished marble or similar objects. 


The local lighting provided at the points above men- 


Fig. 7—Night View of Yard Lighted by 600 cp. 6.6-20 Ampere 
Series Mazda C Lamps in Dome Reflectors and Rippled Globes, 
Mounted 22 Feet High and Spaced Approximately 175 Feet Apart. 


tioned should be oi such a character that the lamps are 
not visible and where possible the type of fixture employed 
should harmonize with the main or overhead units. 

The concourse should also be harmonious with the 
main waiting room, while special lighting should be pro- 
vided in the stores and offices. 


Train Sheds 


Besides furnishing means of ingress to and egress from 
coaches, train platiorms are also used for trucking pur- 
poses, which necessitates using a higher intensity than that 
required for safe walking conditions along passageways. 
Particular attention must be paid to the location and 
Many a claim is made 
against a railroad for a fall which is directly due to a 
temporary blinding from a glaring light source. Ex- 


_ posed lamps in such places are a true form of negligence. 


| 


All pieces of baggage have checks attached to them on 
each of which is marked such information as destination 
of baggage, sender, weight, contents, etc. Many of these 
checks are colored and the intensity should be high 
enough to afford easy reading of them. The distribution of 
light should be fairly even over the entire length of the 
platform, inasmuch as the position of trains with regard 
to the platform is not fixed. Sufficient light should be 
thrown on the steps of the cars, particularly the outer 
edges, to prevent stumbling or misstepping. Approxt- 
mately a 14 watt per square foot of platform surface is 
sufficient and may best be supplied by 200 watt clear 
mazda C lamps in deep bowl porcelain-enameled finish 
reflectors, spaced thirty feet apart on the center line of 
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the platform and hung 20 feet high. This would pro- 
vide ample illumination for all ordinary purposes, allow- 
ing for a reasonable depreciation due to coatings of dust 
on lamp and reflector surface, resulting from smoky con- 
ditions where steam locomotives come into the terminal. 


Way Stations 


These may vary in size from small, one story structures 
of country towns to buildings approaching in size that of 
a small terminal. They can be effectively lighted by 
semi-enclosing or enclosing diffusing units, uniformly 
spaced with as high hanging as possible, and about two 
foot candles should be provided throughout the room 
with local lighting at the ticket windows. 

There are two general types of way station platforms ; 
one is commonly known as the umbrella type, which con- 
sists primarily of an inverted V-shaped roof, supported 
by a line of columns on the center line of the roof. As 
the supporting colunms are spaced approximately 15 feet 
apart and the platform is about 15 feet wide, a single row 
of 100 watt bowl enameled mazda C lamps in RLM 
dome reflectors, spaced 30 feet apart and mounted not 
less than 10 feet high, will provide good lighting for the 
platform such as to enable passengers to mount coaches 


Fig. 8—Day View of Yard Shown at Beginning of the Article 


in safety and to facilitate general trucking of baggage 
around the platform. 

The second type of platform is one that has no root 
and bracket units are recommended, employing 75 or 100 
watt mazda C bowl enameled lamps in shallow dome re- 
flectors spaced approximately 25 feet. apart. 


Freight Station and Loading Platforms 


Inadequate illumination is often the primary cause of 
missent shipments of goods, resulting in tie-ups and loss 
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of money, other than that due to the particular pieces 
missent. Good lighting for this purpose requires be- 
tween 4 and % watt per square foot of floor area. This 
lighting should be provided by efficient lamps placed in 
suitable reflectors of durable construction which can be 
easily maintained. 

As goods are often piled nearly to the ceiling a strictly 
general system of illumination is in many cases imprac- 
ticable, but the aisles and passageways should be lighted 
to a fairly high intensity in order to read labels, check 
destination, and trucking, etc. The lighting of the pas- 
sageways can easily be accomplished by 75, 100 or 150 
watt mazda C lamps in RLM standard dome reflectors. 
With a low ceiling height of ten feet or less, the spacing 
should be approximately 15 feet and 75 watt lamps should 
be used. The 100 watt mazda C lamp is satisfactory 
where the spacing is approximately 20 feet and the hang- 
ing height from 10 to 15 feet. The 150 watt mazda C 
lamp can be used where the ceiling height exceeds 15 feet 
and the spacing is approximately 30 feet. 

Loading platform lighting makes no special demands 
other than providing light enough to facilitate easy mov- 
ing of freight to box cars on adjacent sidings and ordi- 
nary safety requirements. Here again, in the case of 
roofed over structures, the ceiling height plays an im- 


@= 50 watt Mazda B lamp, all frosted 
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ome reflector. 


T= Plug outlet. 
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Fig. 9—Section of Coaling Station Showing Location of Outlets 


portant part in determining the size of lamp and spacing. 
For iow spacings, ten feet or under, the size of lamp 
should not exceed 100 watts and the spacing should be 
limited to 15 feet. For a ceiling height approaching 15 
feet excellent results can be obtained by using either 200 
or 300 watt mazda C lamps in opalescent diffusing globes, 
hung close to the ceiling and spaced 30 and 40 feet apart. 
Fig. 12 shows a night view of such an installation. 

The lighting of the interiors of the box cars can be ac- 
complished by means of extension cords and 50 watt 
mazda B lamps. These extension lamps can be provided 
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with a hook to permit their hanging from the roof and 
can be run from socket receptacles placed along the track 
edge of the platform, a trifle below the level of the car 
door. 


Special Considerations 


Repair Pits—For lighting repair pits, 40 or 50 watt 
bare mazda B lamps can be used in sockets placed in 
niches in the walls for general lighting. Local lighting 
can be taken care of by means of lamps on extension 
In order to cut 


cords run from side wall receptacles. 


Fig. 10—Day View of Large Terminal with Installation of Two 
Main Chandeliers Studded with 50-Watt White Mazda Lamps 


down glare as much as possible, it is advisable 


that these 
lamps be all frosted. | 


Oil Torches vs. Portable Lamps 


The practice of using oil hand torches in engine houses 
and erecting shops when working on the interior of 
locomotive boilers where the. light from overhead 
units cannot penetrate is adhered to by quite a number of 
companies. 
lines thoroughly up-to-date and modern in every respect 
as to rolling stock, shops and equipment, would find 
more suitable means for supplying proper lighting equip- 
ment for use where the ordinary lighting installation is 
ineffective. On the surface of it, however, the problem 
is not quite so simple. The most effective and economi- 
cal rival of the hand oil torch is the portabie incandescent 
lamp, but most operators prefer using the oil hand lamps 
and so avoid the necessity of dragging many feet of ex- 
tension cord behind them wherever they may chance to 
move, with the likelihood of this cord becoming tangled 
around obstructions, being caught in crevices, run over 
by trucks or engines and being destroyed—which not in- 
frequently happens. 


The oil hand lamp at best is but a makeshift. Its light 


is comparatively feeble and the open flame introduces a_ 
personal fire hazard which together with the smoking 


of the lamp do not leave much to its advantage other than 
its portableness and ease of handling. 

If a little thought were given to the portable incan- 
descent lamp unit application to such uses described it 
would find more favor. One great drawback to its gen- 
eral use is that the cord becomes broken or otherwise 


The thought suggests itself that railroad 
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damaged, which results in considerable delay and an- 
noyance. Obviously, if this fault is corrected, its biggest 
disadvantage is eliminated. It is suggested that some 
form of armored cable or protecting carrier be used on 
the cord to enable it to withstand handling and rough 


i 


_ Fig. 11—Night View of Way Station Lighted by Four 300-Watt 
Mazda C Lamps in Prismatic Glass Enclosing Globes Placed at the 
Corner of a Diamond Shaped Rectangle. Units are Hung About 
20 Feet High. 


usage. The lamp itself should be provided with a metal- 
lic guard for protection and a metal hook to permit its 
being hung from pipes, projections, etc. The increase in 
light provided by an incandescent light extension unit 
over that from an oil hand torch is enough to warrant its 
extra trouble in handling, and after operators become 
accustomed to using such a unit the oil hand lamp will 
‘seem but a poor substitute at best. 


Electric Hand Lanterns 


The use of oil hand lanterns for yard service is. at- 
tended by a certain amount of fire risk in movements in- 


Fig. 12—Night View of a Loading Platform, 220 Feet Long, 


| Lighted by Five 300-Watt Mazda C Lamps. These Lamps are 
Enclosed in Opalescent Diffusing Globes and are Suspended Close 
to the 16 Foot Ceiling. 


volving the make-up of trains containing loaded oil cars. 
The element of safety here is of such importance and loss 
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only perform satisfactorily if it re- 


ets, replacing lamps whose useful 
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from a possible fire so great that it is well to take extra 
precautions when handling these cars. 

The use of electric hand lanterns for such cases where 
the fire risk is so great is coming more into vogue and in 
some instances special lanterns have been designed to meet 
this need. Such a unit is shown in Fig. 13. 


Maintenance 


Railroad companies have extensive departments for the 
purpose of keeping the roadbed, bridges, rolling stock, 
etc., thoroughly up-to-date. Many 
times, however, this fundamental 
principle of efficient operation is not 
extended to unobtrusive, but no 
less important parts of shop. equip- 
ment. <A lighting installation can 


ceives a reasonable degree of main- 
tenance in the form of reflector and 
lamp cleaning, refilling empty sock- 


life has been exceeded, etc. While 
a faulty lighting installation may F'9- 13—Electrio 
Hand Lantern | 
not constitute a direct hazard to the 
lives of workmen, yet it is an indirect contributing 
cause to many accidents which could otherwise have 
been prevented had proper lighting been used. It is 
only under an efficient, well maintained lighting in- 
stallation that work can be conducted properly. | 
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Lighting of Yards, Docks and Other Outdoor Places. 
ie eck, 1: He of U.on.k). Lectures. 

Lighting a Modern Railway Shop.—Railway Electrical 
Engineer, March, 1917. 

Illuminating Railway Piers—By H. C. Yost, Railway 
Electrical Engineer, May, 1917. 

Railroad Office and Shop Lighting.—By C. W. Bender 
and C. K. Stover, Railway Electrical Engineer, Decem- 
ber, 1917. 


Importance of Correct Lighting in the Shop: —By A.L. 
Powell, Railway Electrical ‘Eng gineer, April, 1918. 
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Shop Lighting for Production and Safety—By Wm. 
A. D. Evans, Railway Electrical Engineer, May, 1918. 

Lighting Layout for Engine Terminals and Yards.— 
Railway Electrical Engineer, October, 1918, and Novem- 
ber, 1918. 
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Lighting Coal and Ore Docks.—Railway Electrical En- 
gineer, October, 1918. ro 
Light as an Aid to Transportation of Materials.—By 
A. L, Powell and R. E. Harrington, Trans. I. E. S. Yay 
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Electric Arc Welding in Railroad Shops 


Explanation of the Characteristics of Arc Deposited 
Metal and Some Samples of Welding 


By A. M. Candy 
General Engineer, Westinghouse Electric & Manufacturing Co., Pittsburgh, Pa. 


LTHOUGH much has been written concerning the 
application of arc welding to railroad equipment, 
many roads have not applied the process as ex- 

tensively as possible. There is room for improvement 
in the quality, of electric welds and the best methods of 
producing consistently good welds are of vital . impor- 
tance to managements, supervisors and welders. “With 
this fact in mind .a brief review of the characteristics of 
good arc deposited metal. will be given, showing how 
metal can be improved by proper procedure and control 
of the process.. A few important applications of arc 
welding are also illustrated. 


Determining the Characteristics of Deposited Metal 


To determine the characteristics of arc deposited metal 
put down under various conditions and in. various 
ways, a number of large masses of metal were built up 
on steel plates. In one case each layer was brushed off 
thoroughly with a wire brush and in the other case each 
layer was cleaned off thoroughly by sand _ blasting. 
Standard 5-in. test specimens were turned out of the 
solid deposited metal and tested, the results being as 
follows: 


Wire BrusHep SAMPLES 


Pounds per sq. in, Per cent 
Fe : = = i ae 
Ultimate Yield Elastic Elonga- Reduction 
Test tensile strength point limit tion of area 
in 2 in. 
INO cle eae 58,825 41,000 40,000 8.2 19.9 
INOS 2 ereusceee 54,650) 35,000 29,000 6.5 13.4 
Sanp Brastep SAMPLES 
Pounds per sq. in. Per cent 
Se a ie ak = 
Ultimate Yield Elastic Elonga- Reduction 
Test tensile strength point limit tion of area 
in 2 in. 
INGE ome ee 56,075 35,875 29,000 16 23.4 
NOB actoetcns 58,225 Gates oA eats 18 27.8 


The fractures of all these specimens had the appearance 
of high grade partially annealed low carbon cast steel. It 
is interesting to compare tests No. 5 and 6 with No. 1 and 
2 and observe that while sand-blasting the layers of metal 
did not appreciably affect the tensile strength, it did 
practically double the elasticity of the metal as indicated 
by the increase in per cent elongation and reduction of 
area. 

To determine the effect of the direction of metal deposi- 
tion on the strength of a weld, three blocks of deposited 
metal were built up on steel plates as indicated at A, B 
and C, Fig. 1. Standard 5-in. tensile test pieces were 
turned out of these solid blocks of deposited metal. 
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Those from Specimen A stressed the metal in the direc- 
tion of the strings of deposited metal. Those from. 
Specimen C stressed the metal at right angles with the. 
airection of the strings of deposited metal. Those from. 


Fig. 1—Deposited Metal Built Up on Steel Plates to Determine 
' Effect of Direction of Metal Deposition on Strength of Weld 


Specimen B stressed the metal at right angles to the 
layers of deposited metal. The result of the tests on these 
specimens were as follows: 


TENSILE Tests 


Pounds per sq. inch Per cent 
Speci- Ultimate Yield Elastic Elonga- Reduction 
men tensile strength point limit tion of area 
ING ale nscette 56,000 33,400 27,500 18.1 30.8 
INOS Ble eres 59,075 35,875 29,000 17.0 23.4 
INIOT at eres 58,225 A Saale 18.0 27.8 
ENO; ee Gietereca eens ES 75 29,050) 24,000 14.1 18.8 
Nowe?’ Geumaes 40.875 29,400 24,250 4.4 15.9 
NIGP 2 weer oes 43,500 28,900 20,000: 4.9 7.0 
CoMPREssion TeEsTS 
Load at 10 per cent Elastic limit 
Speci- compression pounds pcunds 
mei per sq. inch per sq. inch 
IN (0: 200 areca ici ecm ae eI 63,250 32,000 
Nios $3: SEG ees ee toate Entei ee 60,750 30,706 
INO, mae) mwas sates te tne reetre econ ere 60,700 30,400 
SHEARING TEsts 
Stress at shear 
Specimen pounds per sq. inch 
Noo] Soa ee eee ee Oe eee ,20 
NO Gi nlm eet ehanee ose ee 41,450 
INI55 52/0 Ghai Steers nce IIe eo ae oe 38,500 


To determine the effect of forging on arc deposited 
metal, a sample similar to C, Fig. 1, was prepared so 
that standard 5-in. test pieces could be cut from it and 
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leave a sufficient amount of stock for forging before cut- 
ting additional test pieces. The results of tensile tests 
on the unforged and forged portions of this specimen are 
as follows: 


Pounds per square inch Per cent 
— ~ ——_ 
Specimen Ultimate Yield Elastic Elonga- Reduction 
| portion tensile strength point limit tion of area 
Unforged ... 42,187 29,125 22,125 4.6 11.4 
‘Forged 56,900 31,600 28,000: 27.6 59.5 


It is interesting to observe that the proper forging not 
only increased the strength of the metal from that of a 


| Fig. 2—Locomotive Mud Ring Reclaimed by Arc Welding 


medium good weld to that of a very good weld but also 
improved the ductility to a marked degree, the per cent 
elongation being increased 500 per cent and the per cent 
‘reduction in area being increased 423 per cent. 


Examples of Arc Welding on Locomotives 


The mud ring of a locomotive boiler which has been 
badly corroded on the water side in service and which 


| Fig. 3—Sample of Direct Overhead Welding at Junction of Crown 
Sheet and Fire Door Sheet in Locomotive Firebox 


has been reclaimed by building up the corroded areas to 
their original shape and thickness is shown in Fig. 2. 

| The appearance of a set of neatly and effectively welded 
flues is familiar to all and this application of electric 
welding has proved a big money-saver for roads where 
‘bad water must be used. For this work to be successful, 
however, the operator must be.skillful and know how to 
get good fusion. Welding flues is a rather exacting opera- 
tion because the operator is forced to make a partial over- 
head weld under the lower edge of the tube. Before at- 
‘tempting to weld flues, the operator should make certain 
‘that none of the copper gaskets show beyond the edge of 
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the bead. Most operators prefer to start at the bottom 
center and weld up around one side to the top center of 
the flue; then start at the bottom center and weld up 
around the other side to the top center. 

A close view of a direct overhead weld at the junction 
of the crown sheet and fire door sheet in a locomotive fire 
box is shown in Fig. 3. Direct overhead welding is very 
difficult and requires an experienced operator with a 
steady hand and a welding generator which delivers a 
stable, tenacious arc. 

A typical example of cylinder welding is given in Fig. 4 
which shows the’ cylinder wall V-ed out, studded and 
welded. The greatest advantage (aside from lower cost) 


Fig. 4—Locomotive Cylinder Wall Beveled, Studded and Welded 


claimed for electric-over oxy-acetylene welding is that no 
preheating is necessary. Electric welding is valuable for 
many building operations such as the eye of a cross head 
which is badly worn. In this case the welding process 
is much more satisfactory and cheaper than bushing the 
hole. Piston heads can be made up of thin cast steel 
centers and cast iron rims beveled oft so that metal fused 
into the groove will hold the two together, making a steam 
tight joint. Four holes are usually drilled in the steel 
centers near the groove and plug welded to give additional 
strength. Fig. 5 represents a locomotive deck plate the 


Fig. 5—Corrugations on Deck Plate Built Up by Arc Welding 


corrugated impressions on which have been worn smooth 
and then built up as indicated. 

The shafts of worn journals are sometimes built up by 
welding, but this is an emergency repair because the 
deposited metal will not have the same physical properties 
as the shaft steel. This is evidenced by Fig. 6 which is 
a section through a typical shaft. This section was pol- 
ished and etched to show the deposited metal as the white 
layers on the outside. Immediately below are the black 
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scalloped shapes which are the portions of the shaft 
affected by the heat of the arc and deposited metal. 
These portions have been raised above the critical tem- 
perature and then rapidly cooled (quenched) by the rapid 
flow of heat into the main body of the shaft and also 
through the deposited metal to the air. The dark grey 
central portion represents that part of the shaft which 
has been unaffected. Subsequent heat treatment will re- 


duce the hardened shaft area to its original condition but 
no amount of heat treatment will affect the deposited 


Fig. 6—Section Through Built-Up Shaft Showing Effect of Arc 
Welding 


metal appreciably. Some very interesting and instructive 
data along this line was recently published by T. D. Sed- 
wick, engineer of tests, Chicago, Rock Island & Pacific 
Railroad, on page 85 of the February, 1921, issue of the 
Railway Electrical Engineer. jl hae 
A car shop kink is illustrated in Fig. 7 which shows a 
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‘section of car siding with finishing nails welded head on 
to the plate. Felt lining is pushed over the nails which 


are then clinched. In doing this work the positive side of 
the welding circuit is connected to the car body and a 
pair of pliers is connected to the negative side cf the 


Fig. 7—Nails Welded to Car Side to Hold Felt Lining 


welding circuit. The operator grasps a finishing nail 
in the pliers and touches the head to the plate, withdraw- 
ing it to form an arc which produces a small puddle of 
metal in the plate and liquefies the end of the nail. The 
operator then pushes the nail head into the molten puddle 
and releases the pliers, leaving the nail welded in position. 

Frame welding is another operation in railroad shops 
affording great possibilities of economy. A valuable 
feature of the electric arc for this work is the localiza- 


tion of heat, no allowance being necessary for contraction — 


in cooling. In frame welding, quality is of the utmost 
importance and every care should be taken to improve 
as much as possible the characteristics of the are deposited 
metal. 


Photo by Ewing Galloway, N. Y. 


Illinois Central Car Yards at Chicago 


Principles of Car Lighting By Electricity 


A Course of Practical Lessons Explaining the Main Details of 
This Important Application 


By Charles W. T. Stuart 


XIII. 


| HE U. S. L. type “A” equipment has been designed 
especially for such passenger cars as require small 
lamp loads. In this class of cars will be found bag- 
gage cars, small coaches, combined baggage and smoking 
cars, and express cars. Asa rule cars of these classes do 
not require more than a 15 ampere lamp load at 32 volts, 
employing 16 cells of rather small capacity. A load of 
15 amperes at 32 volts represents about 480 watts, and 
taking the modern gas-filled lamp which develops about 
1 c.p. per watt, it is possible to supply 480 c.p. actual 
illumination in cases of this kind. The storage batteries 
‘required do not ordinarily need to be of greater than 120 
ampere hours capacity and even less, for such a battery 
‘represents an ability to carry a 15 ampere lamp load 
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U.S. L. Type “A” Car Lighting Equipment 


where the 30 volt system is standard and of 12 cells 
for English and export practice when the 24 volt system 
prevails. 


Generator 


The type “A” generator is a plain shunt wound ma- 
chine, designed to operate either in a 24 volt or a 30 
volt system. It cuts in at 288 r.p.m. and carries full 
load at 320 r.p.m. in a 24 volt system. These speeds 
for a 30 volt system are respectively 360 r.p.m. and 400 
r,p,m, It consists of a cylindrical steel casting universally 
machined so that it may be readily adapted either to a 
body suspension or to a truck suspension. See Fig. 1. 
By being universally machined, as it is called, the frame 
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Fig. 1—Sectional Views of the Type ‘‘A’’ Generator 


for eight full hours, which in this class of service is 
very exceptional. In most cases even smaller batteries 
than 120 ampere hours may be employed, even as small 
as 80 ampere hours for certain classes of service. 

The generator has been designed with a view to secur- 

ing a machine of light weight. So far as the working 
parts are concerned, the small generators contain every 
feature found in the larger machines, the difference 
being simply one of size and not of design or construc- 
tion: 

The regulating apparatus is mounted on a single slate 
or panel 26 in. by 12 in. The generator regulator and 
atittomatic switch are combined, winch reduce two sepa- 
rate pieces of apparatus to a single unit. 

The lamp regulator is made from the same frame and 
utilizes many of the parts found in the combined gener- 
ator regulator and automatic switch. 

The ampere hour meter may or may not be applied to 
these small equipments. 

The battery consists of 16 cells for American practice 


is finished as a smooth, cylindrical barrel and provided 
with certain tapped holes so that adapters for either 
body mounting or truck mounting may be attached to 
the frame without any further machining. Certain 
holes, of course, are employed when the body hung 
adapter is attached to the frame of the generator, and 
certain other holes are employed when adapters for 
truck mounting are applied. However, a majority of the 
holes are common to both methods of mounting, and the 
holes that are left vacant in either particular arrange- 
ment are plugged by means of hollow set screws which 
leave the surface of the generator smooth and clean, and 
do not in any way impair the appearance of the appa- 
ratus. 

Cast iron housings are bolted to each end of the cylin- 
drical frame and contain and support the ball bearings 
on which the armature shaft rotates. These housings 
are provided with caps which cover and protect the ball 
bearings and form grease pockets having a capacity for 
enough grease to last twelve months without necessity 
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for renewing the lubricating material. These housings 
are equipped with felt retaining gaskets, to prevent the 
escape of grease, and are perfectly machined, thus secur- 
ing absolute alinement and concentricity of the armature 
in its bearings and in the pole pieces. There are two 
large hand holes, one on each side of the generator at 
the commutator end, which afford ready and ample 
access to the brushes and brush holders for inspection 
and renewal of brushes. The generator is equipped with 
the standard self-adjusting brushes mounted upon a 
brush rig supported on a ball bearing, which enables the 
brushes to be rocked back and forth with change of rota- 
tion of the armature, thus preserving the polarity of the 
terminals of the machine. The field poles are four in 
number and each is excited by its own coil. These field 
poles are all laminated and riveted together under very 
heavy pressure, so that the laminations form a prac: 
tically solid mass. The field poles are bolted into the 
frame and the pole tips form retainers which hold thé 
field coils in place. | 
The armature is of the standard toothed drum con- 
struction, the laminations being mounted upon a venti- 
lated sleeve which also carries the commutator. The 
shaft is independently secured in the sleeve so that it 
may be removed without disturbing the relation of the 


Fig. 2—Type “‘A’’ Form 201 Panel 


armature and the commutator. The commutator bars 
are made of drop forged copper and a pure and soft 
grade of mica is employed for insulation. The retaining 
parts are all made of steel, so that there is no danger of 
breakage at any point. The armature shaft is made of 
high carbon steel. 

The ball bearings and method of mounting same are 
shown in Fig. 1, the bearings used are No, 412. 


Regulator Panel 


The regulating apparatus is mounted upon a panel or 
slate and consists of two essential parts—the combined 
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generator regulator and automatic switch, and the lamp 
regulator. See Fig. 2. The combined automatic switch 
and generator regulator, or potential regulator, as it js 
called, consists of a brass frame and two electro-magnets 
with iron cores, a carbon pile, a contracting armature, 
and a regulating armature. The cores of the magnets 
are arranged horizontally, and each core is provided 
with a coil consisting of two windings; one, a heavy or 
series winding and the other, a comparatively fine or 
potential winding.’ The potential windings are connected 
in series and across the terminals of the generator and 
they serve as the lifting coil for the automatic switch 
and as the voltage coil for the potential regulator. The 
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Fig. 3—Schematic Wiring Diagram of the Type “A” Equipment 


two series coils are connected to a common insulated’ 


terminal on the automatic switch and one is placed in 
the battery circuit and the other in the lamp circuit. 


These coils act as the releasing coil of the automatic 


switch and perform the function of such coil, and also 
act as modifying coil to modify the effect of potential 
regulation, which is secured by the voltage windings pre- 
viously described. The automatic switch consists of a 
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bell crank lever to which is secured a soft iron armature. 4 


Attached to the vertical arm of the lever is a contacting 
laminated copper brush provided with auxiliary carbon 


contacts for closing the main circuit between the gener- 


ator and the storage battery and lamps. The horizontal 
portion of the bell crank lever serves as a means of limit- 
ing the motion of the switch and adjusting the same. The 
armature of the automatic switch faces the left hand end 
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F the magnet cores. At the right hand ends of the mag- 
t cores is the regulating armature, which in turn is 
‘tached to a bell crank lever controlling the pressure on 
se stack of carbon discs which form the variable resist- 
ta in the field circuit of the generator. The magnet 
ores, at the right hand end, are beveled out on the inside 
‘ opposing faces and a w edge-shaped, laminated arma- 
ire is employed for actuating the carbon pile. As 
efore stated, this wedge- pped armature is mounted on 
he vertical member of the bell crank lever, while the 
brizontal member is controlled by means of a vertical air 
ashpot. A normal tension or pressure is maintained on 
ae carbon pile by means of a horizontal helical spring 
rovided with nut and screw adjustment which is attached 
) vertical arm of the bell crank lever. 


Operation 


The operation of the apparatus will be readily under- 
‘ood by reference to the schematic wiring diagram, I'ig. 
. When the automatic switch is open the reluctance of 
re magnetic circuit through the cores, air gaps and 
rmatures is so great that the voltage coils have no effect 
yhatever upon the right hand armature which is used 
sr controlling the pressure of the carbon pile. Con- 
sequently, during the time that the voltage is building up 
nd the automatic switch is still open, while the voltage 
ils are excited on account of being connected directly 
cross the generator terminals, they produce no effect on 
ye armature which controls the carbon pile. After the 
utomatic switch has closed, however, and its armature 
as come up into proximity with the left hand ends of the 
yagnet cores, the reluctance of the magnetic circuit is 
o much decreased that a further increase in voltage 1m- 
ressed upon the voltage coils has the necessary effect 
pon the armature which controls the carbon pile, and 
rom this point on regulation takes place, the tendency of 
he voltage coils being to maintain fairly constant voltage 
f the generator, which voltage is modified, however, by 
he action of the two series coils. The current flowing 
rom the generator passes through the contacts of the au- 
omatic switch, thence into the two series coils on the 
egulator; and, as stated before, one of these series coils 
3 in the lamp circuit and the other in the battery circuit. 
Vhen the generator is furnishing the current for both 
hese coils, they act cumulatively, and both tend to assist 
he voltage coils, thus producing a modified constant po- 
ential, as it is called. When the generator slows down 
relow cutting-in speed the seat of the battery is to 
lischarge back through the automatic switch and gen- 
rator, and, in doing so, the current through the series 
oil in the battery branch reverses and this, opposing the 
ction of the voltage coils which tend to maintain the 
witch closed, causes the switch to open. The switch is 
djustable so as to respond to whatever voltage may be 
lesired, and this adjustment is effected by means of a 
pring on the horizontal arm of the bell crank lever which 
constitutes the armature mechanism. Likewise, the air 
raps of the armature may be somewhat regulated for 
Hieeting still closer adjustment. 

The carbon pile acts in the usual manner in which a 
carbon pile in the shunt field circuit of the generator 
‘unctions ; namely, that with increase in voltage the pres- 
ure on the carbon pile is diminished, which increases the 
‘esistance in the shunt field circuit of the generator, 
hereby reducing the voltage and current of same or pre- 
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venting any further material increase in either of 
these. By means of the spring attached to the lever 
of the armature which actuates the carbon pile, the out- 
put of the generator and ‘likewise its voltage may be 
varied through sufficient range to meet all the require- 
ments of this equipment in actual service. 

The lamp regulator consists of essentially the same 
parts as the combined generator.or potential regulator 
and automatic switch, and employs the same type of frame 
magnet cores and substantially the same kind of arma- 
ture and lever mechanisms, but a larger carbon pile; that 
is, the carbon discs are larger in diameter and in thick- 
ness, but the total length of the stack is about the same. 
The carbon pile of the lamp regulator is connected di- 
rectly in series with the lamps, and the voltage coils are 
connected directly across the lamps. There are no series 
windings on the lamp regulator. The right hand lever 
of the lamp regulator actuates the carbon pile in sub- 
stantially the same manner as in the generator regulator. 
The dashpot and adjusting springs used are the same, 
both for steadying and adjusting this armature. .On the 
left hand end of the lamp regulator a lever mechanism, 
similar to the lever and armature mechanism of the au- 
tomatic switch, is employed, but the main contacts are 
omitted. This armature forms a movable back yoke or 
keeper for the magnetic circuit of the lamp regulator and 
acts somewhat in the nature of a vernier, or multiplier, or 
agitator, depending upon the view one takes of it. The 
coils of the lamp regulator are not excited when the gen- 
erator is at rest, and in this condition the armature or 
keeper on the left hand end of the lamp regulator falls 
back, due to the action of its retractile spring, and operates 
a back contact attached to the armature, by which the car- 
bon pile is short-circuited and the intrinsic drop of same 
eliminated while the generator is at rest and the lamps are 
being fed directly from the storage battery. When the 
automatic switch closes, however, or due simply to the 
fact that the generator becomes operative, the coils of 
the lamp regulator are energized and the left hand arma- 
ture is attracted toward the poles, thus closing to a cer- 
tain extent the magnetic circuit and reducing the reluc- 
tance thereof. The right hand wedge-shaped armature 
which plays between poles fashioned similarly to those in 
the generator regulator is now free to act to vary the 
pressure upon the carbon pile, in order to maintain con- 
stant lamp voltage. With each change in lamp load there 
is a corresponding change in lamp voltage, and this 
change in lamp voltage of course changes the strength 
of the current in the coils of the lamp regulator. This is 
followed by a change in flux, which causes the change in 
the position of the left hand armature, and there is thus 
added an increased change in flux due to the fact that 
this armature moves toward or away from the poles ot 
the magnet, as the case may be. This action stimulates 
or intensifies the normal action of the lamp regulator and 
serves to overcome the slight inaccuracy that is due to 
the mechanical friction in the working parts. 

The voltage coils of both the lamp regulator and the 
combined automatic switch and generator regulator have 
connected with them, in series, high resistance units hav- 
ing zero temperature coefficient, thus reducing to a very 
small value the temperature error in these circuits. These 
resistances are made non-adjustable, and their values are 
determined at the factory. The only adjustment of the 
regulator is in the retractile springs and ready means is 


312 


made for varying the strength of tension of these springs 
so as to produce the requisite voltage in the lamps or out- 
put of the generator. It is not necessary to make any 
changes in the resistance in the circuits of the voltage 
coils in either of these regulators, nor is it necessary to 
make any change in the settings of the armature with re- 
spect to their air gaps. These adjustments having once 
been made at the factory are permanent. 


The Ampere-Hour Meter 


The ampere-hour meter is connected directly in cir- 
cuit with the storage battery and measures the quantity 
of electricity charged into or discharged from the battery 
in ampere-hours. The ampere-hour meter has been thor- 
oughly described in previous articles, both as to its mech- 
anism, adjustments and its operation, and need not be 
further discussed here. The ampere-hour meter closes 
a pair of contacts when the pointer comes to zero, indi- 
cating that the battery is fully charged, and these con- 
tacts short-circuit a portion of an adjustable resistance in 
series with the shunt or voltage coils of the generator 
regulator and thus strengthen or increase the action of 
those coils and thus cause the generator regulator to 
operate at a lower potential.- This potential is known as 
the floating voliage and is 34.75 volts. If the potential 
regulator is set to maintain approximately 35 volts after 
the ampere-hour meter has closed its contacts then no 
current will How into or out of the battery, provided the 
latter is fully charged, which the closing of the ampere- 
hour meter contacts indicates. The battery under these 
conditions is said to float on the line. The generator re- 
mains in a condition that enables it to carry the lamp load 
without disturbing the floating condition of the battery. 
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Fig. 4—Curves Showing the Relation Between Current and 
Voltage as the Regulator Charges 16 Cells of Lead Battery of 
150-Ampere-hour Capacity 


After a sufficient discharge has taken place at stations or 
stops the contacts of the ampere-hour meter separate and 
restore the generator to a charging condition, and thus 
the batteries are immediately replenished as soon as the 
generator becomes operative by reason of the car run- 
ning again. 

Curve sheet, Fig. 4, shows the relation between current 
and voltage as the regulator charges 16 cells of lead bat- 
tery of 150 ampere-hour capacity. It will be noted that 
at the end of 8 hours the ampere-hour meter shows that 
165 ampere-hours has been charged into the battery. At 
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this time the contacts would close and reduce the voltage 
to floating value and the battery would float. 

In some cases where strictly close lamp regulation js 
not necessary, the lamp regulator is omitted and certain 
fixed resistances are placed in series in each lamp circuit — 
leading from the distributing panel. An auxiliary con- 
tact attached to the lever of the automatic switch is ar- 
ranged to short-circuit these resistances when the gen- 
erator is at rest and the lamps are being fed directly 
irom the battery. When the generator is in operation 
and the automatic switch closed, these resistances are au- 
tomatically thrown into the various lamp circuits and 
serve to protect these lamp circuits and lamps against ex- 


Fig. 5—Type ‘fA’? Generator with Body Suspension 


cessive voltage. The use of these lamp resistances gives 
good results for certain classes of work, such as in bag- 
gage and express cars, where there is no clerical work 
to be done by artificial light and necessity for close lamp 
regulation is not imperative. The lamp resistance method 
of protecting the lamps is in most cases sufficient and it 
is somewhat cheaper initially, as the cost of the lamp 
regulator is considerably greater than the cost of the 
lamp resistances. : 


Generator Suspension 


On account of its simplicity, lightness and lower first 
cost, the body suspension is in common use with this 
Type “A” equipment. The saddle casting which is bolted 
to the top of the generator frame in the body-hung gen- 
erator is provided with two heavy supporting lugs, which 
are bored and fitted to the bushings to receive the sup- 
porting pin. This supporting pin likewise engages two 
depending lugs forming parts of the suspension bracket, 
which lugs are similarly machined and bushed and whicn 
straddle the lugs of the saddle. The suspension bracket 
consists of the two lugs mentioned and a horizontal por- 
tion cast integrally in steel. The top of the horizontal 
portion is designed in the form of a square, at the four 
corners of which are lugs cross tapped to receive set 
or adjusting screws. The suspension bracket is mounted 
against the suspension plate in such a manner that the four 
corner lugs of the former straddle the suspension plate. 
The bracket is secured to the plate by a central 1 in. stud 
threaded and riveted into the horizontal portion of the 
bracket. In addition there are four 7% in. bolts sym-~ 
metrically located on a circle about the central stud. The 
plate is provided with five drilled holes for the stud and 
bolts while the bracket is provided with four slotted holes 
for the four bolts arranged on a circle concentric with 
the stud. See Fig. 5. 

The suspension plate is generally made of 3% in. by 
8 in. steel plate and of length determined by the design 
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‘of the suspension layout. The plate is arranged parallel 
with the car or at right angles thereto and when parallel 
with the car is generally attached to supplementary angle 
irons or possibly to the transverse floor members. When 
arranged at right angles to the car, one end of the plate 
‘usually is attached to the center sill and the other end 
to the side sill of the car body. The set or adjusting 
screws which are threaded through the lugs on the cor- 
ners of the suspension bracket impinge against the edges 
of the suspension plate and serve as adjusting screws to 
‘rotate the suspension bracket and generator about the cen- 
tral stud as a vertical axis, to secure exact parallelism of 
the car axle to the generator shaft. The saddle casting 
which is bolted to the top of the generator is always the 
same for any particular size or type of generator. The 
suspension pete is likewise, as already sated. universally 
made of 34 in. by 8 in. steel plate. The suspension 
bracket cry varies in design to meet special con- 
ditions under cars of different types and construction. 
The top of the suspension bracket, the location of the cor- 
“ner lugs, location and size of central stud and surround- 
ing bolts always remain the same. The supporting pin 
which engages the lugs of the saddle casting and those of 
the suspension bracket is always of the same diameter 
but varies in length with the size and type of generator 
and sometimes on account of the spread of the lugs of 
the supporting bracket. 


Belt Tension Device 


The belt tension device of the body-hung suspension is 
of a very simple design and construction. It consists es- 
sentially of an I-shaped casting, the end of the horizontal 

portion being bored out and bushed to fit the projecting 
end of the main supporting pin. It is located on the 
pulley side of the suspension. Its vertical portion con- 
stitutes a support for the standard spherical spring seat 
used on truck suspensions. This casting or tension lever, 
as it is called, is turned away from the truck and its out- 
board end is secured by means of a short pin-connected 
rod to a stud bolted to the generator frame just below 
the center. A stud is fastened into the pulley side of 
the suspension bracket on a line above the suspension pin 
and on the truck side thereof. A tension rod having an 
eye in one end and threaded for a distance of a foot or 
more on the other end passes through the vertical por- 
| tion of the tension lever, its eye engaging the stud re- 
| ferred to. The spherical spring seat bocine is slipped 
" over the free end of the tension rod and into place against 
the tension lever. The tension spring rests against the 
spring seat and is put under tension by means of standard 
_ gravity tension nut threaded onto the tension rod. 


Pulley Alinement 


At this point it is to be noted that body suspensions 
are designed wherever possible, so that the axle pulley, 
belt and generator pulley shall all lie in a vertical plane 
- passing through the center of the car. In many instances, 
_ however, it is impossible to secure such an arrangement, 
| but an effort is always made to locate the pulley as near 
_ the center vertical plane as possible, and if too great a 
diversion from this: principle is permitted, unsatisfactory 
belt operation is sure to result. 
It will be observed that the axle pulley of a body-hung 
generator has an unusually wide face, generally 10 in., 
_ and.is provided with high, flaring flanges. The armature 
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pulley also has similar flanges and its face is generally 
wider than that of the pulley of a truck mounted gen- 
erator, but not as wide as that of the axle pulley employed 
with the body-hung generators. Generator pulleys with 
flared or straight flanges are interchangeable. 


Constant Belt Tension 


The tension on the belt is maintained by a very simple 
mechanism which preserves a substantially constant beit 
tension over a wide angle of swing of the generator from 
a vertical position to one in which the center of the shaft 
of the generator has been drawn by the belt some six 
inches toward the truck. 

When the generator hangs vertically the only tension 
exerted upon the belt is that due to the action of the ten- 
sion spring which tends to rotate the generator about the 
supporting pivot in a direction away. from the truck. 
The moment arm of the tension spring or its leverage is 
the distance from the supporting pivot of the generator 
to the center line of the tension rod taken at right angles 
to the latter. 


If the generator is swung toward the truck out of the 
perpendicular another force is added to the tension of the 
belt, namely, a certain portion of the weight of the gen- 
erator, so that in this new position the belt tension is 
composed of or due to two forces: first, the tension of 
the spring; second, the weight factor of. the generator, 
It will be observed that the further the generator is swung 
out of-plumb the greater the weight Aaar becomes, but 
at the same time it will also be need that the moment 
arm or leverage of the tension spring becomes rapidly 
shortened and therefore as the weight effect increases, the 
spring effect decreases. By properly choosing the strength 
of the spring, its initial tension, and correctly propor- 
tioning the parts of the tension mechanism, the net ten- 
sion in the belt may be kept practically constant over the 
working range or swing of the generator. 


It is obvious that when the center line of the tension 
rod passes exactly over the center of the pivot support, 
which is provided for by the hump or offset in said rod, 
the effect of the spring becomes zero and the weight 
factor is the only force producing tension in the belt. 

If the center line of the tension rod should pass below 
the center of the pivot support of the generator the effect 
of the spring would reverse in its action and oppose the 
weight effect of the generator. Such a condition never 
obtains, however, but it is possible according to theory. 

In practice it is customary to swing the generator shaft 
about 2% in. out of plumb toward the axle and to cut 
and fasten the belt to hold the generator in this position. 
The tension is then set up to the required degree by com- 
pressing the tension spring until it is a specified length. 
The tension in the belt will then remain practically con- 
stant as the distance between the car axle and the gen- 
erator varies due to the relative motion between the car 
body and truck, especially in going around curves and 
over switches, and the generator swings about its support- 
ing pivot in accommodation to this: motion. , 

It is for this reason that the initial stretching of a 
new belt causes practically no change in the tension, SO 
that if the new belt is cut so as to draw the generator 
24 in. toward the truck, the only effect of the stretching 
is to allow the generator to swing back toward the ver- 
tical ' position, the belt tension remaining practically 
constant. 


A Correction 
In the June issue of the-Railway Electrical Engineer, 
page 229, under the heading of Belt Fasteners, lines 3 
and 4 should read,— 
The Crescent belt fastener consists of one or more thin 
steel plates which are held in place by copper clad steel 
rivets. 
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Also the tabular data in this same column should be 
as follows: 
CRESCENT Rivets 


Belt Size Fastener ‘Large Shank ~ 
4” 4 ply No. 65 Twelve %” rivets. 
AM 5 “ (73 65 “ 9/16” “ 
ie on es eye Sixteen 4 
5” 5 (73 73 87 ; “cc 9/16” “a 


Electrically Operated Air Compressors 


Illinois Central Uses Automatically Controlled Apparatus 
to Pump Up Train Line Pressure 


to pump up the train line pressure of freight trains 

in the yards, are installed or under construction at 
thirteen different terminals on the Illinois Central. As 
soon as the train is made up, the train line pressure is 
pumped up, an inspection and test is made to ascertain 
if all brakes apply and are in good working order before 
the locomotive is coupled to the train. 

Having the train line under pressure, the train is ready 
to pull out as soon as the locomotive is coupled on, 
and brake test is made by locomotive thus eliminat- 
ing from 20 minutes to an hour, terminal starting 
time. Ofttimes these extra minutes will allow the crew 
to get over the road in the specified eight hours and the 
elimination of a few hours overtime every day will soon 
pay for the compressor unit. Another point to be con- 
sidered is that the dispatcher knows that the train is ready 
to go as soon as the locomotive is called and as a result 
he is able to time train movement to a better advantage. 


Beater ake operated air compressor units, used 


Fig. 1—Exterior of the Compressor Building 


A view of the building used for housing the three 
compressor units and electrical control apparatus, at 
Champaign, IIl., is shown in Fig. 1. Fig. 2 shows the 
interior of the compressor house. Note that plenty of 
room is allowed for the repairing and maintenance of 
the apparatus. Large air vents at each end of the build- 
ing provide a circulation of air to help cool the inter- 
change coil between the cylinders. 


The Air Compressor 


A closer view of one of the compressor units is shown 
in Fig. 3. The air compressors are two-stage, single act- 
ing, having two horizontal cylinders and two vertical 
cylinders. The motor drives the crank shaft of the pump 
by means of a herring-bone gear. This gear is mounted 
in the center of the crank shaft. A well, formed in the 
compressor frame immediately below the gear, furnishes 


Fig. 


2—Interior View of Building Showing Apparatus 


an oil reservoir for automatically lubricating all working 
parts. ‘The tubular type air valves are seated by gravity 
requiring no springs. The piston displacement is 125 
cu. ft. per minute at 100 Ib. pressure per sq. in. The 
intercooler between the high and low pressure cylinders 
consists of a coil of 2 in. pipe 30 ft. long. The motor is 
a 20 hp., 440-volt, 3 phase, 60 cycle, slip ring type, draw- 
ing about 30 amperes at full load. 


Air Compressor Control 


In order to maintain air pressure in the storage reser- _ 
voir between specified limits, an automatic starting panel 
is used. Mounted on this panel are: 

2 overload relays. 

- 1 triple pole single throw lever switch; necessary con- 
tactors and relays. 

1 pressure gage. 
1 governor. 
The governor is located at the bottom of the panel 
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and is essentially a single pole switch operated by means 
of a rubber diaphragm, a piston and a set of levers. The 
construction of this governor is such that the air does 
not pass through or come in contact with the operating 
restricted to a chamber below 


mechanism, but is the 


Fig. 3—A Closer View of One of the Compressor Units 


diaphragm ; hence troubles resulting from moisture due 
to condensation are said to be eliminated. 

The operating mechanism is so arranged as to main- 
_ tain constant pressure on the contact tips until the point 


Fig. 4—The Air Actuated Switch or Governor 


of tripping is reached. This construction ensures a quick 
break of the contacts when opening the circuit. 

An accurate adjustment can be obtained by means of 
two adjusting screws which are conveniently located. 


The normal range of 10 Ib. difference between the open- 
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ing and closing pressures can be set for 8, 10, 12, and 15 


Ib. by changing the location of a pin in the fulcrum 
punching. The governors on the three compressor 
units are adjusted to cut in at different pressures rang- 
ing 2 lb. between each unit, so that only one motor would 
cut in for a slight reduction or to take up leakage; how- 
ever, in case a train line is to be pumped up the pressure 
would drop down to, say, 50 Ib., which would cut in all 
three units. All three governors are adjusted to cut 
out at 85 Ib. pressure. The adjustments are changed 
from time to time so that different units will cut in at 
so as to equalize the wear on all units. 

This governor is connected to the storage reservoir 
by a separate pipe connection. The closing of the gover- 
nor contacts energizes the operating coil of the main con- 
tactor, ig. 6, which in turn closes the circuits to the 
compressor motor at “A.” With this connection the resis- 
tors kk, to k,, R, to R,, R, to R,, are connected across the 
slip rings of the motor. However, after a certain predeter- 
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Fig. 5—Front View of Control Panel 
Fig. 6—Wiring of Control Panel 


mined time, contactor “B” closes, shorting out half of 
this resistance. After the duration of another certain 
time, contactor “C”’ closes and the slip rings are then 
shorted, at which time the motor is up to speed. 

The overload relays protect the motor against excessive 
overloads either during starting or running periods and 
prevents the motor running single phase. The advantage 
of overload relays over any other form of protective 
device is that they can be set to open the control circuit 
at a smaller margin above the normal full load current 
while the time element of the relays will prevent opening 
the control circuit during the large current inrush at 
starting. 

This type of control is used for the automatic starting 
and stopping of induction motor driven compressors 
where it is necessary to cut out the secondary resistance 
at starting in a series of balanced steps, giving equal 
fluctuations of current at each step, and thereby eliminat- 
ing line disturbance which in many cases is objectionable, 
especially on lighting circuits. 
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Unloaders 


Unloaders are used for all alternating current station- 
ary air compressor sets to ensure reliability of operation 
under the conditions of power supply that are frequently 
met. The function of the unloader is to relieve the air 
compressor cylinders of pressure when the motor circuit 
is open in order that the compressor may be started 
against atmospheric pressure. To protect the unloader 
from pipe scale and other foreign material, a centrifugal 
dirt collector is installed in the discharge pipe near the 
unloader. 

The working parts of the unloader are a combined lift 


Figs. 7, 8 and 9—Air Storage Tank and Outlet Valves 


valve and piston controlled by an electrically operated pilot 
valve. The lift valve prevents a back flow of air from 
the storage reservoir to the discharge pipe when the 
compressor is not running, and permits air to flow from 
the discharge pipe to the storage reservoir when the com- 
pressor is running. 

When the circuits to the air compressor motor are 
closed, the operating coil of the pilot valve is energized 
and the pilot valve is closed, shutting off the connection 
between the discharge pipe and atmosphere. The increase 
of air pressure in the discharge pipe opens the lift valve 
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in the unloader which establishes communication between 
the discharge pipe and the storage reservoir. 

When the circuits to the air compressor motor are 
opened and the compressor is stopped, the operating coil 
of the pilot valve is deenergized. The pilot valve is 
opened causing the lift valve in the unloader to move to 
the closed position, shutting off communication between 
the storage reservoir and the discharge pipe. In the 
open position of the pilot valve, communication is estab- 
lished between the discharge pipe and atmosphere. 

Fig. 7 shows a view of the air storage tank located 
near the compressor house, from which main pipes are 
run north and south. Another storage tank is located 
near the south end of the yard. From these tanks dis- 
tributing lines are run under the tracks to outlet valves 
located in cast iron boxes between the tracks, as shown 
in Figs. 8 and 9, 


Cost of Operation 


As these compressor units are entirely automatic no 
attendant is required and a weekly inspection is sufficient 
to maintain the apparatus in proper condition, The three 
compressor units at Champaign were placed in service on 
March 11, and the cost of power since that time has ay- 
eraged about $5 per day. 

The air compressor units, motor and control apparatus 
was furnished by the General Electric Company and all 
construction work and installation was handled by the 
Illinois Central forces. 


The Voluntary Relief Department, the company in- 
surance plan of the Pennsylvania System, has announced 
amendments in the regulations pertaining to death benefits. 
Under the new rules, which went into effect June 1, the 
maximum death benefit has been increased and now ranges 
from $1,000 in the first class to $5,000 in the fifth class. 
The premium rates are very low, ranging from $14.40 
annually per $1,000 of insurance for employees not over 
45 years of age, to double that amount for employees over 
60 years of age. These low rates are made possible by 
the fact that all operating expenses are paid by the rail- 
road company. 
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Electric Motor Drive tor Machine Tools 


A Discussion of the Relative Advantages of Different Types of 
Motors for the Operation of Machine Shop Equipment 


By Gordon Fox 


Electrical Engineer for Freyn Brassert & Co., Consulting Engineers, Chicago, Ill. 


LECTRIC motor drive enjoys well deserved popu- 
E- larity and is now almost universally employed for 
machine tool operation. There are many contribu- 
tory reasons, the principal ones being: 
Ease, flexibility and economy of electric transmission. 
F'reedom in the location of machines. 
Reliability. 
Possibilities for increased production due to controlla- 
bility and speed maintenance. 
Independence of machines. 
Compact arrangement. 
Machine tools vary widely in their functions. 


They 


Surface Grinder With Vertical 
Used for Raising and Lowering the Head 


Motor Built In. Separate Motor 


may be broadly classified, however, as rotary or recipro- 
cating. The lathe, boring mill and drill press are ex- 
amples of rotary machines, while the planer, shaper and 
slotter are examples of reciprocating machines. 

The load demand upon a motor driving a rotary ma- 
chine is made up of machine friction plus the power re- 
quired to remove the metal. The relative values of these 
two items vary. The load demand of a reciprocating 
tool involves the above items and, in addition, the power 
required to start, stop and reverse the reciprocating parts 
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due to their inertia. The load of a rotary machine may 
be quite constant, as in the case of a lathe making a con- 
tinuous cut. If the cut is not continuous the load may 
fluctuate. considerably. The load of a reciprocating ma- 
chine is inherently of a fluctuating nature and the re- 
versing peaks may be an important or determining factor. 

Machine tool builders have compiled data as to power 
requirements of their machines. Similar information is 
available in handbooks. No effort will be made to set 
forth this data in these columns. It is proposed, however, 
to outline briefly, methods which are used in these de- 
terminations. 

The frictional load of a machine tool depends upon its 
design and cannot be determined by formula. 
be best found by test. 

The power required to remove metal depends upon the 
character of the metal, the type and condition of the tool 
and the cutting speed. The figures given in the table are 
widely used for lathes, shapers, boring mills and planers. 


It may 


Power ReEourirep to REMOVE METAL 


Material Hp. to remove 1 cu. in. per min. 
IBTASG BRN MAES cients) ocue ah aig Seaeillee eae ALOU ea 
Castes Oiler ete jus). cncrachaeeteie Sees on tOme5 
Wirotue litmirOtive yer, > 0 cat ta cee 6 


Mild steel .30 to .40 carbon........ 6 
Hard steel .30 to .40 carbon........ O00Ftor 1:25 


The power required for drilling is about double that 
shown in table, due largely to friction between the drill 
and the side of the hole. 

A number of empirical formulas have been developed 
for determining motor sizes for machine tools. The fol- 
lowing are quite widely applied. 

Power required by ordinary engine lathes 

Hees P5A5-1 

Power required by heavy lathes 

Pie 24° b-2. 

Where S = swing of lathe, in inches 

Power required by standard boring mills 

He—25.5-4. 

Where S = swing of mill, inches. 

Power required by milling machines 

eo WV. 

Where W = distance between housings, inches. 

Power required by sensitive drills 


To cyan. U0. 

Power required for heavy radial drills 
le Wee — 99 ey 

Where S = swing of drill, inches. 


Power required by ordinary planer having two cutting 
tools and bed length about 2.5 times the width 

HPs 3: W. 

For heavy forge planers 

HPs =o: WwW. 

Where W = width of bed between housings. 
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All of the above figures are based on cutting tools of 
water hardened steel and cutting speeds of 15 to 20 feet 
per minute. If high speed tools are used, rvnning at 
higher cutting speeds, the increase in power will be ap- 
proximately proporticnal to the increase in speed. 

The requirements of machine tool service are such that 
several types of motors find application. A constant speed 
motor may be applied to any machine tool with some 
gain over constant speed belt drive from a line shait. 
Adjustable speed motors are pre-eminently best suited to 
the majority of machine tools. Some machines, such as 
punches and shears, particularly when equipped with fly- 
wheels, require high starting and pull out torque together 
with slip under load. Here the compound wound di- 
rect current motor or high slip induction motor are well 
suited. 

The adjustable speed direct current motor is excellently 
suited to the requirements of most machine tools. Due 
to varying diameters, materials and cuts, it is necessary 
to operate over a wide range of speeds. A selection of 
speeds can be had by the use of cone pulleys. A greater 
‘number is available by the use of a gear box. The ad- 
justable speed motor provides a finely graduated selec- 
tion of speeds over a range up to 4 to 1. Ifa wide range 
is desired, one set of change gears will suffice to double 
the range. The great advantage to be derived from the 
use of the adjustable speed direct current motor lies in 
the fact that maximum permissible cutting speeds may 
be maintained and speed may be readily manipulated. 
Where speed changes must be made in sizable incre- 
ments it is necessary to use a speed lower than but ap- 
proaching the desired rate. The margin represents a di- 
rect ioss of production. Increased production: has the 
double aspect of lower unit cost and less time required, 
lowering the overhead, facilitating good deliveries and 
quick repairs. 

Due to the fact that alternating current 1s more com- 
monly available, particularly in the smaller shops, the 
tendency has been for machine tool makers to include a 
gear box in his design and thus adapt his tool to induc- 
tion motor drive. Such a machine is quite satisfactory 
and is well suited for many applications where direct 
current is not available and where conversion is not war- 
ranted by the advantages gained. There is, however, a 
tendency for machine tool builders to standardize these 
tools for constant speed direct current motors. From the 
viewpoint of the machine tool builder this is desirable. in 
that the same tool may be applied to either direct or al- 
ternating current service. Where direct current is avail- 
able, however, it will usually benefit the user to equip 
with the adjustable speed motors and eliminate the gear 
box. 


It is not to be inferred that adjustable speed direct 
current motors should be universally applied. Wherever 
the speed control features are unnecessary and a constant 
speed is satisfactory the induction motor can be used to 
advantage. Records indicate induction motors to be 
somewhat more free from troubles and requiring less re- 
pairs than direct current motors. It is perfectly possible 
to have an equipment of direct current motors and con- 
trol, if properly selected and applied and properly main- 
tained, which will require few repairs. An induction 
motor, improperly applied or neglected, will stand up bet- 
ter than’a direct current motor under like conditions. 
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It must also be considered that more is usually expected 
of the direct current motor and control in the way of 
starting, stopping, reversing and speed control and the 
machine itself is thereby simplified and its maintenance 
and depreciation decreased. ; 

In some cases both alternating and direct current ar 
available. In some cases alternating current only or di- 
rect current only is available. In the latter case direct 
current motors will be used exclusively. In the case of 
a small shop where alternating current only is available, 
it will ordinarily be best to use constant speed induction 
motors, foregoing the advantages of adjustabie speed to 
avoid conversion. For larger shops it may be advisable 


Boiler Plate Drill Machine With Motors Direct Geared to Drills 


to install a converter or a motor generator to supply di- 
rect current for all or a portion of the machines. The 
use of both alternating current and direct current motors 
in the same shop may or may not be advisable. Where 
a number of large, constant speed drives are required, al- 
ternating current should be used if available even if a 
mixed installation results. If there are but a few constant 
speed drives, direct current motors may well be used for 
the sake of uniformity and to avoid two systems of cur- 
rent distribution. In some cases, direct current motors 
have advantages in controllability even for constant speed 
drives. 

Machine tools may be driven by independent motors or 
several machines may be grouped and belt driven from 
a line shaft driven by a common motor. Both arrange- 
ments have their place. The tendency is toward indi- 
vidual drives, due largely to advantages in flexibility of 


location and operation and elimination of line shafting. 


Group drive enables the use of a lesser motor capacity 
having 25 to 75 per cent of the combined requirement of 
the driven machines, depending upon number of ma- 
chines, relative sizes and diversity of operation. Group 
drive is particularly advantageous in this respect where 
fluctuating loads are involved as the fluctuations are rela- 
tively less as referred to the larger motor. Group drive 
is well suited for driving a number of smali machines 
which are associated and naturally located together. In- 
dividual drive is particularly desirable where independent 
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controllability is desired, where adjustable speed is re- 
quired, for machines rather widely scattered and for all 
large machines. 

A rather important feature in the application of motors 
to machine tools is the question of location and connection 
of the motor. Motors should be well balanced to avoid 
vibration which hastens depreciation and may affect the 
finish of the work. Very high motor speeds should be 
avoided, particularly with direct current motors. 
motor should be substantially mounted. The mounting 
arrangement should be possible for easy adaptation of a 
variety of makes and types of motors. This facilitates 
substitution in case of trouble. Lack of proper physical 
protection has contributed to many a motor failure. The 
motor should not be exposed to chips, dirt or oil. Totally 


enclosing covers on the upper half of the motor should 
be used for all except the least exposed installations. 


Portable Slotter Designed for Motor Drive 


Motors should be located where they will not be exposed 
to damage in the handling or transport of materials. 
These points are often neglected but are factors of im- 
portance. 

There is a considerable trend toward incorporating the 
motor as an integral part of the machine tool. This prac- 
tice has advantages in the matter of simplicity and ef- 
fectiveness. It is complicated by the fact that most ma- 
chine tool builders desire their designs to be easily adapted 
for either belt or motor drive. The design using the 
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self contained motor is therefore somewhat special. It 
also has some disadvantage in that the motor also may be 
special in some degree. 

Machine tools are quite commonly purchased equipped 
with motors and control. A shop containing a number 
of such machines may bear semblance to a museum in 
that a great variety of types of electrical apparatus will 
probably be represented. It is highly desirable that the 
variety of types and sizes of motors be restricted so that 
equipments may be interchangeable and a minimum of 
repair parts required. A shop of any size should have 
its purchases of electrical equipment supervised with a 
view to obtaining the most practical equipment both from 
an operating and maintenance viewpoint. 

As controllability is one of the advantages of motor 
drive, the proper selection of control is important. Di- 
rect current motors may be provided with face plate type 
starting rheostats arranged for simple starting duty or 
including freld adjustment. Such an equipment, if used, 
should be totally enclosed. Drum type control is prefera- 
ble and is necessary if reversing or dynamic braking fea- 
tures are desired. The drum may include armature and 
field control points together with reverse, brake and drift 
points, if desired. Drum controllers do not protect the 
motor, nor is the starting resistance protected. The use 
of magnetic “push button” control is generally war- 
ranted and the details of such control should be carefully 
worked out to meet the peculiar requirements of the ma- 
chine and to afford ample protection. Automatic starters 
are particularly desirable where frequent starting, stop- 
ping, reversing or manipulation is involved. For the sake 
of uniformity it will usually be found good practice to 
provide all direct current motors, except perhaps the very 
smallest, with magnetic control. With this type of con- 
trol better protective features are possible. Simplicity 
and ruggedness are cardinal features. Where automatic 
control is employed, the panel should be totally enclosed 
for protection against dirt and tampering. The control 
may well be located at some point convenient for inspec- 
tion apart from the machine tool. The operating master 
or push buttons should, of course, be located at the ma- 
chine where’ most convenient to the operator. Control 
equipments and their component units should be dupli- 
cated so far as possible. 

For starting squirrel cage induction motors manual 
auto starters are frequently used. Automatic starters 
are gaining in popularity. These may be of the auto 
transformer or primary resistance type. The starting 
torque of most machine tools is low, excepting flywheel 
type drives which have high torque squirrel cage or 
wound rotor motors. Wound rotor motors may be pro- 
vided with either drum or magnetic control, the latter be- 
ing necessary for stich drives as reversing planers and 
tapping machines. Where there are a considerable num- 
ber of squirrel cage motors installed in one shop, the use 
of one or two sets of transformers with partial voltage 
taps is suggested in conjunction with multi-voltage dis- 
tribution and double throw oil switches or contactors for 
starting. 


The full possibilities of electric control are often over- 
looked. Mechanical means are sometimes employed at 
greater expense and may be less effective where electrical 
control may accomplish the desired results in a better and 
cheaper manner. Control can be made to give quick 
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start, stop and reverse, smooth acceleration and slow 
down and fine speed adjustment and overload protection 
both to motor and driven machine. It may make possible 
the elimination of clutches, slip gears, speed reductions 
and shifts and other mechanisms. 

In selecting an adjustable speed motor the fact should 
be considered that the speed range is determined by the 
rheostat resistance. It is not always necessary to utilize 
the full range of the motor rating. For instance a motor 


rated 400/1,600 r. p. m. may be operated from 400 to, say, . 


1,300 r. p. m. if the resistance is properly specified for 
that range. Care should be taken to avoid excessive or 
unsafe speeds by using too large a speed range. If the 
rheostat has too much resistance, the excess portion 
should be shorted out. 

Having discussed, in a general way, the considerations 

involving the use of electric drive for machine tools we 
may consider briefly some various types of machines and 
their specific characteristics and requirements. 
. Lathes—All lathes require some range of speed, the 
amount depending on whether the tool is used for a few 
simple operations or whether used for general work in- 
volving a wide range of diameters and materials. Lathes 
may require a speed range as high as 10 to 1. This can 
be obtained by an adjustable speed motor through use of 
one or more back gears. The use of constant speed motor 
drive, with gear box for speed adjustment, is quite satis- 
factory for the smailer sizes, particularly where the same 
type of work is repeated for long periods so that only oc- 
casional speed changes are necessary. Large engine 
lathes, wheel lathes and roll lathes are not well adapted 
to the use of change gears and the adjustable speed direct 
current motor is particularly advantageous. Wheel lathes 
should be provided with a slow speed point for use at 
hard spots on the wheel. With a direct current motor 
this is attained by shunting the armature with full field. 
1f alternating current is used, a wound rotor motor may 
well be used and secondary resistance inserted to obtain 
the temporary siow down. When direct current is avail- 
able the adjustable speed motor is almost always to be 
preferred for lathe drive. Control is ordinarily reversing 
and dynamic brake may be employed for a quick stop if 
desired. Lathes having a long bed are sometimes ar- 
ranged so that the drum or master controller is driven 
from a handle on the apron of the lathe through suitable 
shafting and gears. This adds to the convenience of op- 
eration. 

Boring Mill—A variety of work is usually involved, 
requiring a range of speeds. An adjustable speed motor 
having a 3 to 1 or 4 to 1 range is the most advantageous 
installation. Constant speed motors may be used in con- 
junction with a gear box. The control for the smaller 
machines is non-reversing, but reversing provision is use* 
ful on large mills. For some mills it is desirable to pro- 
vide a slow speed point with shunted armature. Mag- 
netic control is preferable particularly on the larger 
mills. 

Milling Machine —Milling machines utilize a number 
of cutters of various diameters and render a range of 
speed adjustment necessary. The adjustable speed direct 
current motor is generally to be preferred. 

Automatic Screw Machines—The smaller machines 
may generally be driven by a constant speed motor or 
may be grouped. For the larger machines it is usually 
desirable to use an adjustable speed motor. 
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Drills —Sensitive drills are usually provided with cone 
pulleys or gear box for speed adjustment although verti- 
cal motors are sometimes direct connected. Constant 
speed motors are generally satisfactory. The larger drills 
and radial drills may employ adjustable speed motor drive 
to advantage. The control is non-reversing on the smaller 
drills. Reversing control may be of advantage on the 
larger drives, eliminating a clutch. Where used for 
tapping, reversal may be obtained by reversing the motor. 
On alternating current, a wound rotor induction motor 
may be used with reversing control. 

Grinders—Censtant speed motors are commonly used, 
being totally enclosed and having extended shafts to re- 
ceive the grinding wheels. The use of adjustable speed 


Planer Operated By Direct Connected 50 HP. Reversing D. C. Motor 


direct current motors enables the most advantageous 
wheel speed to be maintained, as the wheel diameter is 
reduced by wear. Motors for grinder service require 
high pull out torque and liberal motoring is desirable, 
particuiarly for the smaller sizes. 

Shapers—The adjustable speed direct current 
motor having a wide range of speeds is commonly de- 


sired. Dynamic braking may be sometimes employed to 
obtain a quick stop. The control is ordinarily non-re- 
versing. 


Presses, Punches, Shears, Bull Dozers»—Machines of 
this class require high torques for short intervals. Fly- 
wheels are commonly employed. If direct current is used 
the motor should be compound wound. Induction 
motors may be of the squirrel cage type with high re- 
sistance rotor or, in the larger sizes, wound rotor motors 
may well be used and a fixed slip resistance employed. 
Machines of this character have high inertia. ‘he motor 
should therefore have high starting torque and should be 
accelerated slowly. The control is non-reversing. 

Planers.—Planers are variously equipped. The most 
simple drive is a constant speed motor provided with a 
flywheel, reversal being obtained by belt shifting with 
straight and crossed belts. A little more pretentious drive 
employs an adjustable speed motor applied in a similar 
manner. Two rheostats connected in parallel, may be 
used, one being alternately cut in and out by means of 
tumbler switches actuated by the platen. One rheostat 
governs the cutting speed, the other governs the return 
speed. Both speeds are thus independently adjustable. 
The speed range afforded is about 2 to 1. Drives of the 
above character are particularly well suited for the smaller 
planers. 
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Reversing drive for planers has been fully developed 
and has’gained popularity. It affords independent con- 
trol of cutting and return speeds. It provides fast and 
accurate reversal, eliminates belting, reduces delays and 
repairs and affords better control for setting up work. 
A special motor is used, having a small diameter armature 
of low inertia. The field is compound wound, with inter- 
poles. Magnetic control is provided. The master 
switches are mounted on the bed of the planer and are 
tripped by movable dogs on the platen. The cperator is 
provided with a start, stop and reverse switch independent 
of the master. Independent field rheostats are provided 
for adjusting the cutting and return speeds. The motor 
is generally arranged for a speed ratio of 4 to 1. There 
are two common methods of control. One provides 
simple plugging, the other introduces dynamic braking to 
decelerate the motor before reversing. The dynamic 
braking control gives smoother reversal but is slightly 
slower in reversing and somewhat less accurate. Accuracy 
in the point of reversal may be important where clearances 
are small. Some difficulty has been experienced with 
reversing planers due to overtravel, more particularly in 
the case ot failure of power when nearing the point of 
reversal. The most effective preventive for this difficulty 
is a solenoid brake, on the motor shaft. This brake is 
shunt wound and is so connected that it is released at 
each reversal and is thus instantly effective in case of 
power failure. 

Planers have been equipped to use a reversing motor 
in connection with a motor generator set and Ward 
Leonard control. However, this scheme is not com- 
monly employed in the United States. Wound rotor induc- 
tion motors equipped with magnetic control have also been 
applied to reversing drive of planers. For raising and 
lowering the cross rails of planers and boring mills and 
for moving the tail stocks of large lathes, special, heavily 
compound wound direct current motors are available. 
These are operated by reversing drum control. They are 
designed to develop high starting torque. 

Slotters—The operation of a slotter is similar to that 
of a planer except that the stroke is shorter. For crank 
operated slotters either a constant or adjustable speed 
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direct current motor or a constant speed induction motor 
may be used, the constant speed drive being more com- 
mon. Reversing drive, similar to planer practice is used, 
more particularly for gear slotters. 

Bending and Straightening Rolls—This is essentially 
a manipulating drive involving frequent starting, stopping 
and reversing. Direct current motors for this service 
should be heavily compounded and induction motors 
should be of the wound rotor type. Either drum type or 
magnetic control with master switch may be used, the 
latter being particularly preferable where the larger 
motors are involved. 

The machines described cover but a portion of the 
machine tool field. In addition to other standard ma- 
chines there are many special equipments. The same 
general principles apply throughout, with adaptations to 
particular needs. It is hoped that the foregoing discus- 
sion has suggested the general principles involved. 


All Europe is planning use of water power to pro- 
duce electricity according to Dr. Frank B. Jewett, Chief 
Engineer. of the Western Electric Company, who has re- 
cently returned from a three months’ trip abroad during 
which he visited most of the countries of Europe. In 
Switzerland, Italy, Norway, Sweden, Denmark and even 
in England detailed planes for development of natural 
water power for the electrification of railroads is under 
discussion. In the countries where there is a scarcity of 
coal hydro electrical development is of vital importance. 
In England the relative abundance of coal and absence of 
any considerable water power gives a somewhat different 
trend to the problem. There is talk of combining the nat- 
ural resources of Norway, Sweden and Denmark. Nor- 
way has enormous natural water resources, Sweden not 
so much, and Denmark very little. The current would 
have to be carried by submarine cable in many cases, and 
this fact presents some interesting engineering difficul- 
ties., The immediate difficulty in carrying out these ex- 
tensive developments is the financial situation, and it is 
probable, therefore, that little will be done until the cur- 
rency has recovered somewhat from the present depre- 
ciation. 
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Electrification of French Railway Systems 


Huge Program to be Spread Over Period of Years Ultimately 
Extending to All Lines in Southern Section 


By Oliver F. Allen 


Formerly Major of Engineers, American Expeditionary Forces 


HE electrification of French steam railway lines, as 
ae distinguished from street car or interurban service 

as those terms are understood in America, began 
by the equipment about 1900, and almost simultaneously, 
of the tunnel and connecting tracks between Quai d’Orsay 
station and the Austerlitz station of the Paris-Orleans 
Railway in Paris with an extension for suburban service 
as far as Juvisy and the suburban line from the Invalides 
station in Paris to Versailles on the old Western Railway, 
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both of these early Paris electrifications has always been 
supplied by steam plants burning coal. The other two 
early electrifications, in the French Alps and in the Pyre- 
nees, were made to meet the requirements of mountain 
grades and to take advantage of water power. These 
first installations are all still in service, and the further 
extension of three of them are the first steps in the present 
program. 

The successful operation of these early installations, 
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Southern France, Showing Lines to Be Electrified 


now known as the State Railways. A division from 
Fayet to Chamnoix on the Paris-Lyons-Mediterranean 
line was electrified about 1902, and one on the Southern 
Railway, in the Pyrenees, from Villefranche to Vernet- 
les-Bains by 1910. The two electrifications at Paris radi- 
ating out from the centers of the city, were made for the 
purpose of increasing terminal facilities, improving sub- 
urban service and removing the smoke nuisance. They 
were of the same general order as the early electrifica- 
tions in America at the New York City terminals and 
the Baltimore & Ohio tunnel at Baltimore. Current for 


the facility with which they took care of increased traffic 
with a moderate increase in investment, combined with 
the successful development of electric traction in America 
and elsewhere, led the French railway engineers to study, 
before the war, the problem of reducing their coal bill by 
the electrification of their main lines, 

The electrification of the lines from Limoges to Gannat 
and from Clermont-Ferrand to Tulle and the develop- 
ment of steam power stations in the central plateau, the 
Massif Central, where coal is to be found, was studied 
by the engineers of the Paris-Orleans before the wat. 
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The electrification of the mountain divisions of the Paris: 
Lyons & Mediterranean Railway northeast from the 
French terminal of the Mt. Cenis tunnel at Modane and 
of more Southern Railway lines in the Pyrenees was all 
carefully studied before 1913. During the two years 
preceding the war, the Southern Railway had completed 
preliminary negotiations for electric locomotives and had 
placed firm orders for samples. 

It is apparent that irrespective of the great economic 
changes resulting from the war, especially in the matter 
of cost of coal and labor, the electrification of the French 
railways would have gone ahead under pre-war conditions 
and it is possible that had France not been set back five 
years by the war, a considerable portion of the present 
program would be an accomplished fact today. 

As soon as mobilization began in the last days of July, 
1914, the entire resources of the French railways were 
placed at the disposal of the government, and from then 
until after the armistice all the railways were operated 
as a unified command under the fourth section of the 
general staff of the French army. Under war conditions 
no attention was paid to the matter of electrification. 


The Reconstruction Program 


The undreamed of increases in the cost of ‘coal and 
the diminution of personnel, combined with the eight-hour 
day movement, forced the study of reconstruction and 
after-the-war railway economic problems while we were 
all still fighting the Boches. This study was so far ad- 
vanced that three days after the armistice, that is, on 
November 14, 1918, a committee was formed by a decree 
of the Ministry of Public Works for the study of the 
electrification of the standard gage steam railways. 
Within two weeks, November 23, 1918, this committee 
was organized and a program adopted for the study of 
the electrical operation of railroads all over the world, 
particular attention to be paid to what had been accom- 
plished in America, France, Switzerland, Italy, England, 
Sweden and Germany. The visit of representatives of 
this committee to the United States in 1919, and their 
exhaustive reports on electrification in this country as 
well as in Europe have been published and are so well 
known to railway engineers that further reference will 
not be made to this committee’s work except to point out 
a few important results which might be advantageously 
considered by American railways. 


Equipment for All Lines to Be Standardized 


Realizing that successful electric traction must be as 
flexible and as universal in its application as steam trac- 
tion, the French concluded that all their main line elec- 
trifications must be standardized to such an extent that 
the electric locomotives of any company can circulate on 
all the lines in France just as easily as steam locomotives 
can. This involves agreement by all of the railways to 
use electric current of the same characteristics. That 
decision has been made by the railways and approved by 
the Ministry of Public Works and the Ministry of War. 
it standardizes 1,500 volts continuous current for all 
French railways. Incidentally it is interesting to note 
that this French action has been followed by the adop- 
tion of the same standard for Belgium and for England. 


Trolley and Third-Rail Collection 


The voltage selected permits the use of either overhead 
trolley wires or third-rail for delivering the current to the 
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locomotive and it is probable that both will be used 
according to local conditions and the relative cost. Irre- 
spective of the exact method of suspension of overhead 
wire or of support or type of third-rail which may be used 
by any particular railway, standardization will be carried 
to such a point that the pantagraphs and contact shoes 
of all the locomotives will be so designed and located that 
they can collect current on any electrified line in the 
whole country. 

The investigations showed so plainly the restrictions 
on the development of electric traction resulting from 
lack of standardization in other countries, especially in 
America, that the French railways and government very 
soon realized the necessity for an organization to study 
and make effective standardization work begun by the 
decision to use only one kind of current. Something 
over a year ago the State Railways, the Southern Rail- 
way, the Paris, Lyons & Mediterranean Railway, the 
Paris-Orléans Railway and the railways of Alsace and 
Lorraine, with the co-operation of the Ministry of Public 
Works, created an organization for the study of railway 
material known as l’Office Central d’Etudes de Material 
de Chemins de Fer. It will be noted that the Northern 
and Eastern Railway systems are not included in this 
group. It was felt that their problems of reconstruction 
were so difficult that they should be left entirely free to 
restore service by any means available. Parts of their 
lines which were not destroyed were subjected to the 
most intensive traffic possible by the requirements of the 
French and American armies. 


Frontier Development Must Provide for Military 
Factors 


Another aspect of the matter is the military situation 
and the realization that along the frontier it must always 
be possible not only to mobilize an army quickly but to 
move it and its supplies across the frontier rapidly and 
efficiently. If the railway lines near the frontier were 
equipped for electric traction, it might be possible to 
mebilize as rapidly as with steam locomotives, but getting 
an army across the frontier would be another matter. 
There is some doubt about the relative reliability of the 
necessary interconnected generating stations, distributing 
stations, transmission lines, etc., for electric locomotives 
and the supply of water and fuel for steam locomotives, 
when subjected to the hazards of long range shelling 
and airplane bombing. This question is still so far from 
being decided that the electrification of the railways of 
the north and east of France is not contemplated now. 


Development Will Be Limited to 
Terminals and Suburban Lines 


Immediate 


While the State Railways are in the group which 
created this standardization committee their electrifica- 
tion for many years to come will probably be confined to 
terminals and extension of suburban service in the imme- 
diate vicinity of Paris. The major portion of their lines 
as well as the lines of the Northern and Eastern Railways 
cover territory in which there are not only no large water 
powers available but in much of which the amount of con- 
densing water to be had is so limited to curtail seriously 
the construction of very large power plants. It is prob- 
able that in those parts of france north of a line running 
southwest from Paris to the Atlantic Ocean at St. Nazaire, 
and those between Paris and the Belgian and Luxem- 
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bourg frontiers, the railways will not be equipped for 
electric traction until electric power may be available 
either from the Rhine or the Alps, nor until the electrifica- 
tion of the other parts is largely completed. In view 
of the demands for power in the neighborhood of Paris 
and between Paris and the German and Swiss frontiers, 
all electric energy which may be available within the next 
twenty years will probably be utilized before it gets to 
the north and northwest, or for the metallurgical and 
other industrial plants in the north and east where needs 
for electric power are economically more urgent than 
those of the railways. 


Effects of High Cost of Fuel and Labor 


This standarization committee of the principal railways 
outside of the north and east is working for general stand- 
ardization and in many aspects of its work, through the 
Ministry of Public Works and the close affiliation of all 
the railway executives and engineers, it will affect all of 
the railways, including the north and east. So far as its 
practical application to electrification is concerned its 
work will be confined for a long time to the railways 
which made their first electrification twenty years ago 
and the railways in the recovered provinces of Alsace and 
Lorraine. 
in carrying on the French railway electrification program 
are the very men who personally had to do with the four 
original installations referred to above. 

The electrification of the French steam railways is not 
a new proposition resulting from the war, but is the 
natural and logical evolution of those first applications 
at terminals and in mountains almost a generation ago. 
It is true that the war has brought about certain economic 
changes, particularly in the cost of fuel and labor, which 
will tend to expedite the change from steam to electric 
power. For instance, the cost of coal before the war 
was from $3.85 to $5.80 per metric ton and since the 
war reached the maximum in 1920 of $51.60 per ton with 
a peak of $86.00, which is the price actually paid by one 
railway for part of its coal. It is now descending to be- 
tween $16.30 and $24.50 per ton. There is little likeli- 
hood, however, of coal going to less than about $12.25 
per metric ton, that is, three to four times pre-war price, 
for many years to come. On the other hand, the tremen- 
dous increase of the public debt in France and the general 
economic losses resulting from five years of war tend to 
retard the expenditure of the vast sums of money required 
for extensive electrification and it is doubtful if the 
urgency of the high fuel cost and the labor situation is not 
so far offset by the financial situation as to make the carry- 
ing out of the program move slower rather than faster 
than it would have had there been no war. Our French 
friends seem to have taken the lead in the world in stand- 
ardizing and adopting electric traction for steam railways, 
and in spite of the delays and embarrassments resulting 
from the war they may still go ahead faster than we will 
in this country, particularly in the matter of high speed 
passenger service. 

Reasons for Electrification 

Their reasons for electrification are substantially the 
same as influenced similar decisions elsewhere and are too 
weil known by railroad men to be discussed in detail here. 
The determining factors are: first, utilization of water 
power to reduce the amount of coal imported into France 
each year and to reduce operating expenses; second, the 
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In fact, the men who are most active today 
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ability to increase terminal facilities and improve terminal 
service by substitution of motor cars for suburban service 
and electric locomotives for main line passenger trains 
and freight service; third, the ability to handle heavier 
freight trains and move greater tonnage on mountain divi- 
sions than is possible with steam locomotives without great 
expense for enlarging tunnels, strengthening bridges, and 
other items of increasing the number of tracks. There 
are many other reasons which have affected the decision 
to start a comprehensive program of electrification, but 
they are more or less subsidiary to these main considera- 
tions. 

Program Calls for 1,200 Miles of Main Line Each Year 

The program, the execution of which is being seriously 
undertaken, involves electrification within the next fifteen 
years of approximately 6,000 miles of main lines mostly 
already doubie track and the building of hydro-electric _ 
plants and high tension transmission lines of the first 
magnitude. French engineers have gone so far as to 
promulgate a tentative program involving electrification 
of over 1,200 miles of main line per year and putting into 
service of not less than 400 new electric locomotives every 
year. Financial considerations will probably greatly cur- 
tail such a program, but the more conservative one of the 
electrification, of 6,000 miles within fifteen years will 
involve buying between 200 and 300 new electric locomo- 
tives per year, which is a bigger project than has yet 
been undertaken in any other country. 

Power Supply 

The hydro-electric developments to furnish the neces- 
sary power will be carried on simultaneously in the Pyre- 
nees for the lines of the Southern Railway ; on the central 
plateau for the Paris-Orleans Railway and in the French 
Alps for the Paris, Lyons & Mediterranean Railway. 
These are being studied in connection with the develop- 
ment of a great network of power transmission for indus- 
trial requirements. Under the leadership of the Ministry 
of Public Works a program has been prepared for a trans- 
mission network at 220,000 volts for the main lines and 
100,000 to 150,000 volts for the secondary lines which 
will cover all the northern, eastern, central, southern and 
southwestern part of the country with great trunk lines 
from the upper Rhone valley and from the Rhine valley 
in Alsace in long loops across the country to Paris. 

The first plants and transmission lines will be built 
partly by private organizations, including some of the 
railways, and partly by the government. Some of the 
100,000 and 150,000 volts lines are now under construc- 
tion and the first additional hydraulic plants with a total 
capacity of the order of 300,000 horsepower may be under 
construction within a year. 

Belgium 

In Belgium the program covers several of the lines 
which converge at Brussels. The first step will be to 
take care of the intensive passenger traffic between Brus- 
sels and Antwerp. The next, the freight traffic in the 
metallurgical district where there are steep grades and 
great tonnage. The rapid fall in the price of coal (that 
mined locally plus that shipped in from Germany has 
already accumulated until Belgian stocks on hand present 
a serious problem) combined with the delay in getting 
any reparation payments from the always delaying Ger- 
mans has set back the Belgian electrification program 
indefinitely. 


Cell Flushing Device 
By A. H. Matrruews 


Not only is it a fault to have too little water in a cell, 
but it is also a fault to have too much water. Some cells 
are arranged with floats, while others do not have them. 
There are flushing devices on the market but every yard 
man does not feel that he can afford to buy them. How- 
ever, if a man is interested in securing a handy device for 


Funnel painted al] 
over with P&B 


P—<..-Push Button taped 


Funnel 


Biead Pipe. This to be painted 
outside with P&B Compound 


Flexible No.16 Wire 
a= About ott 
Ce 


vas 
leave this piece, 
te~ unpainted 


Bell enclosed 


—~ in box 


Sketch Showing Details of Flushing Device 


flushing cells, he can readily make this little time saver, 
shown in the sketch. 

To use the device the clip is connected to a iug on the 
cell furthest away from the one being flushed. The 
push button is held closed by the fingers so that the cir- 
cuit will be completed as soon as the liquid rises to the 
proper height in the cells. The push button, however, is 
really not essential and the wire could just as well be 
continuous. For filling, a quart dipper painted with 
P & B compound has been found most convenient. 


Sparks Caused by Loose Bars 


The small sparks which are sometimes noted between 
the rotor and stator of induction motors are caused by 
the slot bars becoming loosened from the copper short- 
circuiting rings, according to a writer in the Electrical 
World. The only remedy is to solder or weld the rings 
tightly to the slot bars. If not attended to, the stator 
winding is liable to become punctured. With a rotor of 
any size, say 25 horsepower, the heat for such a repair 
job must be supplied by a gas flame with air pressure. 


The Bothersome Clinker 


A clinker in the firebox of an engine helps to subdue 
the fire. Some men have clinkers in their brains which 
help to subdue their chances in life. 
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Answers to Last Month’s Questions 


1. Give some reliable test that will show 
not electrolyte contains iron. 

2. What percentage of tron in electrolyte would you 
consider injurious enough to prohibit the use of the elec- 
trolyte again?—R, Y. 
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The answers received for the questions which appeared 
in the July issue show that there is a very lively interest 
taken in the subject of electrolyte for storage batteries. 
Some of those which follow are from users of storage 
batteries, while others are the condensed opinions of 
some of the storage battery manufacturers. Certainly 
the one who asks these questions should be able to find 
some information of value to him among the answers 
presented. 

While we are on the subject of questions and answers, 
it might be well to bear in mind that while there are 
plenty of answers forthcoming, there seems to be rela- 
tively few questions. Let’s LEB some more of them. 

I submit the following answers to the July questions: 

Leese or iron, Neutralize a sample of the electro- 
lyte with ammonia; boil a small portion with hydrogen 
peroxide, and add ammonia or caustic potash solution 
until the mixture becomes alkaline. If a brownish red 
precipitate forms, it indicates iron. 

2. If iron is found to be in the electrolyte in any 
quantity, it is best to use new (Cigna te A eM. 


Substantially the same answer as was given in No. 1 
above is also given by R. C. F. E. 


The following table shows the percentage of impurities 
which should not be exceeded in storage battery elec- 
trolyte: 


HSTS (45 (Crap PHAR ch os Gene a ae Trace 
IWS 6 ae React ORE PERT A, Cite id oe Reg Trace 
NE Cai, SS AR IRE selon ood he 0.003% 
TUGHING. ¢o S -. 27.ot gee REN de” 0.001% 
Nimocen, any Lorne meee eae Ce 0.01% 
WCE DO raow ' \e 10.'s.0 ee eae ere en ee 0.002% 
Spe ce OAS CIC <2 wacarter eee ee NOTE 
Oreanicrmatter avai Me ee hs tk None 


The usual test for iron in electrolyte is as follows :— 
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Commercial acid to be mixed with an equal volume of a 
5 per cent solution of ammonia sulphocyanide, which can 
be obtained from druggists and should be made as fol- 
lows: Ammonia sulphocyanate cryst, 1 oz.; water, 2 oz. 
If iron is present the solution will turn a red color, 
the shade of same being dependent upon the percentage 
of iron in the solution. This should be compared with 
two sealed test tubes, one containing electrolyte with .01 
per cent of iron and equal portion of reagent and one 
containing electrolyte with .005 per cent of iron and 
equal portion of reagent. Of the sealed test tubes, that 
having the .01 per cent of iron will be the darker color 
and if the color of the acid and reagent under test is 
darker in color than this, the acid should not be used. 
Gap: 
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Practically all electrolyte contains a certain amount of 
iron, and if the amount is not permitted to exceed a cer- 
tain limit, it will not prove injurious to the battery. 

The simplest test for iron solution is to add a few 
drops of a solution of potassium sulphocyanfde and the 
presence of iron will be indicated by a blue color which 
will be deeper the greater the amount of iron. This test 
is very delicate, and will show quite a strong color in 
nearly any sample of electrolyte. It is, therefore, of little 
use except in the hands of an expert who can judge from 
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the two colors exactly match. The amount of iron is 
then calculated from the amount of standard iron solu- 
tion used. 

Iron in electrolyte, in excess of fifteen grams per 100 
liters, is liable to cause trouble. However, in using acid 
over again in a new cell, it must be borne in mind that 
a certain amount of iron is liable to be introduced into 
the cell while in service, either in the water which is 
used for filling it, or in the dirt and dust which some- 
times finds its way through the vent opening. Further- 
more, it is sometimes true that a certain quantity of some 
one impurity will do no harm in the absence of other 
impurities, whereas if other impurities are present, the 
amount of the first impurity must be reduced. 

Generally speaking it is best to send samples of the 
electrolyte to the battery manufacturers for test, which 
is usually done without charge. Tests that are made by 
unskilled persons are very liable to lead to the wrong 
conclusions. L. Je Va 

1. Electrolyte always contains iron and this impurity 
has in the past, particularly in text books, been given 
undue importance. The main objection to its presence 
ina cell is on account of the fact that iron sulphate exists 
in ferrous and ferric forms, the ferrous being convertible 
to ferric_at the positive and the ferric being reconverted 
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Fig. 2 


Fig. 1—Diagram of Original Connections of Motor Operating on 220-volt Circuit 
Fig. 2—Diagram of Connections After Changing to 440-volt Operation 


the depth of the color whether the amount of iron is 
excessive or not. | 

A quantitative determination is the only sure guide and 
this is best shown by a colorimetric method, which is 
hardly practicable outside of a laboratory. In this test, 
a small sample of the electrolyte to be tested is first oxi- 
dized with weak potassium permanganate solution and 
a measured quantity of ammonium sulphocyanate solu- 
tion added and made up to measured volume in special 
glass color tube. The same amount of commercially 
pure acid is treated in exactly the same way and stand- 
ard iron solution added to the latter drop by drop until 


to ferrous at the negative, with the result that the con- 
tinual movement of ions from one plate to the other grad- 
ually causes the cell to lose its charge. Of course, to 
cells which are in daily use the presence of a small quan- 
tity of iron merely produces a minute loss in efficiency, — 
and it is only in cases when the cells are allowed to stand 
for several weeks that any evil effects result. With re- 
gard to a test for iron, a few ccs. of the electrolyte may 
be taken in a test tube, one drop of nitric acid added and 
boiled. On cooling, a few ccs. of ammonium sulphocya- 
nide are added and a red color is produced, the color 
being proportionate to the amount of iron present. 
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Z. The writer has frequently come across batteries 
in which the iron ran as high as .5 gm. per litre, without 
any bad effects being observed, but as the presence of 
iron is usually indicative of the fact that the cell elec- 
trolyte has been contaminated it is recommended that a 
charge be made when the amount present has reached 
.1 gm. per litre, when iron was low in new cells. 
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The Motor Question 


In the June Question Corner a question was asked with 
relation to changing the operation of an induction motor 
from 220 volts to 440 volts. At the time of going to 
press last month some information had been gathered 
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Fig. 3 


Fig. 
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are connected in multiple to each phase; for the 440 volt 
connection eight coils are connected in series across each 
phase; however, in changing from the 220 to the 440 
volt connection, the coils are not connected in series in 
the same order in which they were formerly connected 
in separate groups. More complete wiring diagrams are 
shown in Figs. 3 and 4, Fig. 3 showing the winding of 
Fig. 1 and Fig. 4 corresponding to the winding of Fig. 2. 
In these complete wiring diagrams the connections may 
be more easily traced. The left-hand terminal of each 
group of three coils corresponds to the terminals form- 
ing the inner circle shown in Figs. 1 and 2, and the 


‘right-hand terminals of the coils correspond to the term- 


inals forming the outer circle. 
In showing the connections for 440 volts, the 220 volt 
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To make change omit dotted lines __. add__.__.. 


Fig. 4 


3—Complete Wiring Diagram Corresponding to Fig. 1 


Fig. 4—Complete Wiring Diagram Corresponding to Fig. 2 


concerning this problem but it was not considered com- 
plete enough to publish and therefore it was held out until 
this issue when we are able to give a more complete ex- 
planation. The exact question was as follows :— 

Can you give any information regarding the recon- 
necting of a 220 volt, two-phase, four wire, 60 cycle in- 
duction motor so that it can be used on 440 volts of the 
same frequency? 

In condensed form the information required by the 
author of the question might be summed up as follows: 
The motor uses 48 coils; one 1-6; coils in groups of 3 in 
series. For 220 volt operation, the groups were con- 
nected two circuit as shown on the diagram, Fig. 1. For 
440 volt operation, the groups should be reconnected one 
circuit as shown on the diagram, Fig. 2. 

While this information may be entirely clear to those 
who are familiar with the winding of induction motors it 
may not be entirely satisfactory to all of the readers of 
the Question Corner who have been awaiting the solu- 
tion of this problem. For this reason a little longer and 
more simplified explanation seems to be in order. The 
motor in question has 48 slots, with one coil per slot, that 
is one-half of one coil lies in the same slot with one-half 
of another coil, the winding being the customary lap 
winding. Three coils are connected in series, and the 
16 groups of coiis resulting are connected in four sep- 
arate circuits, each circuit consisting of four groups in 
series. For the 220 volt connection, two of these circuits 


connections have been indicated by dotted lines and the 
connections which have to be made are indicated by dot 
and dash lines. This has been done in order to show 
the difference in the connections with the least amount 
of confusion. The diagrams really show that quite a 
number of connections will not have to be changed at all. 

In making the change the following connections will 
have to be broken and made: 


Terminals Break Connect 
Outside 9 Inside 9....Outside 3 Inside 9,....Outside 5 
Outside 8 Inside 8....QOutside 6 Inside 8....Outside 4 
Outside 7 Inside 7....Outside 5 Inside 7....Outside 3 
Outside 6 Inside 13....Outside 9 Inside 13....Inside 11 
Inside 12....Outside 8 Inside 12....Inside 10 
Inside 11....Outside 7 
Inside 10....Outside 4 


It is suggested that the man who winds this motor 
trace the four leads with the various coils and that when 
he has determined the arrangement that he may mark 
these numbers on the coils with chalk. 
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Questions for August 


1. I would like to have explained the difference be- 
tween a reactance coil having an iron core and one with- 
out such core. 

2. If magnetism can not be insulated or screened why 
is it that a brass or copper tube slipped over the iron core 
of an induction coil cuts down the voltage at the sec- 
ondary terminals? Bak. Ha 


A Portable Electric Grinder 


A portable electric grinder has been recently placed on 
the market by The Black & Decker Manufacturing Com- 
pany, Baltimore, Md. As may be seen from the photo- 
eraph, the new grinder is equipped with a pistol grip 
and trigger switch. The motor used in this outfit has a 
capacity of one-half hp. and operates at a speed of 3,200 
r.p.m. The size of the grinding wheel is 5 in. in diame- 
ter by 1 in. in width, being mounted on an arbor with 
a diameter of 34 in. The net weight of the tool, without 


Grinder May Be Carried About or Used With Base as Shown 


the base, is 21 Ib. Although this electric grinder is es- 
sentially a portable tool, it is supplied with a detachable 
base and adjustable tool rest so it can be used with equal 
facility as a bench grinder. Besides the base the equip- 
ment also includes two 5 in. by 1 in. grinding wheels, 
one nne and one coarse, a wire brush wheel and a rag 
buffing wheel. With this complete outfit it is practically 
possible to accomplish any grinding, cleaning, buffing or 
polishing jobs that may be met with in machine shop or 
foundry. The number of jobs that can be done with such 
a grinding machine is practically limitless. This grinder 


is exceptionally light, the gears and shafts being made 
of chrome nickel steel and the housing of aluminum al- 
loy. Grease lubrication is used throughout and the tem- 
perature of the motor is kept down by forced air cool- 
ing. A desirable feature is the fact that the grinders can 
be operated on either direct or alternating current. 


Electric Truck With Carrying Ram 


The illustration shows an electric storage battery truck 
made by the Baker R & L Company, Cleveland, Ohio, 
the truck having been recently equipped with a carrying 
arm or ram which may be elevated or lowered as desired. 
This feature of the truck was originally developed to 
enable it to handle the large numbers of heavy iron cores 


Baker Truck Equipped with an Elevating, Carrying Arm 


and tire moulds used in the rubber industry. Since each 
of these moulds weighs several hundred pounds, it is 
difficult to handle them without machinery but by means 
of this truck they are readily moved from place to place 
as desired. 

The truck is sometimes used for carrying coils of wire, 
as illustrated, in which case the truck is advanced with 
the carrying ram at the proper level to insert in the in- 
clined pile of coils. The carrying ram is then eievated 
and lifts the coils trom the floor when they can be moved 
to their desired destination and placed in racks or hung 
up on pegs. Although developed for the rubber industry 
alone, this truck has shown that it has quite a wide ap- 
plication, being adaptable to handling material in rail- 
road shops and storerooms. 

The mechanism of the truck consists of a carriage 
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mounted on rollers running vertically between channel 
guides and lifted by an electrically driven cable hoist. 
The hoist motor is controlled by a small reversing switch, 
mounted on the dash and its operation in both directions 
is limited by suitable switches. The truck has a capacity 
to raise and support a weight of 2,500 lb. when spaced 
evenly on the ram. 


Electric Truck Equipped with Crane 


Storage battery trucks have demonstrated their ability 
as labor saving devices in railroad shops and storerooms 
and many of these trucks are now equipped with devices 
to facilitate loading and unloading. To eliminate manual 
labor as much as possible the Yale & Towne Mfg. Co., 
Stamford, Conn., has developed the crane-equipped truck, 


Crane-Equipped Truck Carrying Small 


Driving Wheels 


illustrated, with a total load carrying capacity of 4,000 
lb. It can be run at speeds up to 6 miles an hour loaded, 
negotiating grades up to 12 per cent, and run over any 
road that presents a reasonably smooth surface. It does 
not need to be jockeyed into position before lifting the 
load, which may be picked up by the crane from either 
side of the truck or from the end, since both the boom 
and load chain may be raised simultaneously, thus length- 
ening or shortening the reach of the boom as required. 
The crane has a total capacity of 1,600 lb. at the maximum 
out-reach position of 691% in. from the center line of the 
mast. This load capacity increases as the out-reach de- 
creases until at a distance of 24 in. the crane will pick up 
1,900 Ib. 

The truck illustrated has been subjected to severe tests, 
it is said, with satisfactory results, and experiments are 
now being carried on at the plant with the idea of equip- 
ping the truck with an electro-magnet and dump body. 
The dump body will be especially valuable for use in 
picking up and handling scrap metal quickly. The assem- 
bled wheels and axles, shown in the illustration, weigh 
approximately 1,800 lb., a load which would require con- 
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siderable effort on the part. of two or possibly four men 
to roll these wheels onto the truck without the crane. 


Automatic Starter for Squirrel Cage Motors 


A new automatic starter for small squirrel cage motors 
which allows a large starting current for several seconds 
but at the same time gives positive protection against 
burnout troubles has been developed by the Cutler- 
Hammer Manufacturing Company. Two mercury over- 
load relays mounted below the contact fingers, shown in 
the illustration, take the place of fuses and allow mo- 
mentary overloads and overloads as high as 25 per cent 
for a limited period without injury to the motor. 

The overload relay consists of a glass tube carrying a 
mercury column which forms a part of pilot circuit of 
the magnetic switch coil. A portion of this column is 
surrounded by a heating coil or thermal element. This 
element is in series with the motor circuit and is heated 
in the same proportion as the motor windings. Exces- 
sive current passing for too long a period heats the coil, 
causes the mercury to boil and the vapor to pass up into 
a chamber at the top of the tube. This action breaks the 
liquid mercury column and opens the circuit of the mag- 
net coil. As this coil is de-energized, the contact fingers 
drop away and disconnect the motor from the line. After 


Automatic Starter and Mercury Overload Relay 


such an interruption, the mercury cools down, becomes 
liquid again, drops back into the tube so that the pilot 
circuit to the magnet coil is complete when the control 
button is depressed. Very little time is required for the 
relays to reset themselves. The motor will not start, 
however, until the control button is depressed after the 
relays have reset. 

As the functioning of these overload relays depends 
upon the temperature at which mercury will boil, it is 
evident that the current required to operate the relay in- 
creases with the decrease in the temperature of the sur- 
rounding air. In other words, if the motor and the 
starter are installed in a cool location, the relay permits 
a greater starting current or a higher overload than if 


‘the temperature of the surrounding air were higher. 


Likewise, if the motor and starter are located in an un- 
duly hot place, the mercury relays will act in the place 
of a thermo-couple. 
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The Union Pacific, on July 17, re-employed 1,500 
men on its Mountain division who had been laid off with 
the slump in business. 


The Western Electric Company has opened a new 
warehouse at 395 Hudson street, New York City. The 
building occupies the entire square block bounded by 
Hudson, West Houston, Greenwich and Clarkson streets, 
an area of 338 ft. by 200 ft., with a total floor space 
of 706,000 sq. ft. Several departments of the Western 
Electric have already moved into the new quarters, but 
the New York shops and the supply divisions of the 
Eastern district territory, which includes New York, 
New Jersey, Pennsylvania and the New England states, 
and the International Western Electric Company will not 
remove to the same building at the present time. 


The Delaware, Lackawanna & Western Railroad 
rejected all bids for supplying electrical equipment for 
the proposed electrification of some of its mileage in the 
Scranton, Pa., district. July 29 was the last day upon 
which bids could be submitted. When the bids were 
opened by Gibbs & Hill, consulting engineers for the 
Lackawanna, it was found that they were all unsatis- 
factory and new bids were advertised for, which were 
closed at 12 o'clock noon, August 10, The only compan- 
ies which submitted bids for furnishing the heavy elec- 
trical equipment, consisting of seven freight locomotives, 
were the General Electric Company and the Westing- 
house Electric & Manufacturing Company. 


“Practical Application of the Electric Arc Welding 
Process” is the title of a paper to be presented by E. 
Wanamaker, electrical engineer, Chicago, Rock Island 
& Pacific, before the Metropolitan Section of the 
American Welding Society on September 20, at the 
Engineering Societies’ building, 29 West Thirty-ninth 
street, New York. The paper will deal with the three 
prime requisites of welding: namely, skill necessary in 
applying weld or designing parts to be welded, re- 
quirements of equipment, and quality of material to 
be used in welding. Mr. Wanamaker is one of the 
few who can present this subject in a manner which 
is interesting, and so that it will be of benefit to both 
the engineer and the practical welder. 


The Waterbury Battery Company, Waterbury, 
Conn., has completed a reorganization of its officers and 
directors, which has been occasioned by the deaths of 
Charles B. Schoenmehl and E. E. Hudson. The officers 
of the company are now Martin L. Martus, of Water- 
bury, Conn., president; G. A. Nelson, vice-president and 
general sales manager at New York; Francis T. Reeves, 
treasurer, and Harold B. Schoenmehl, secretary, both at 
Waterbury. The directors are: Francis T. Reeves, 
Martin L. Martus and Darragh De Lancey. 

Martin L. Martus, who has been elected president, has 
been associated with the company since April, 1911; for 
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~ the eldest son of the late Charles B. Schoenmehl. 
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the past nine years as secretary and factory manager. 
He was born in New Haven, Conn., and became associated 
with the Scovill Manufacturing Company in 1901. In 
1906 he was chief engineer for one of the subsidiary 
plants of The American Brass Company, and in 1911 
became associated with The Waterbury Battery Company 
as factory manager, which position he has held until the 
present time. 

Judge Francis T. Reeves, treasurer, was born in 
Thomaston, Conn., and has been a director of The Water- 
bury Battery Company since October, 1916, and its gen- 
eral counsel since 1914. He is director and trust officer 
of The Manufacturers National Bank, of Waterbury, 
Conn., and is a practising attorney in Waterbury. 

Harold B. Schoenmehl, the newly elected secretary, is 
He has 
been associated with The Waterbury Battery Company 
for the last six years, engaged in laboratorial and experi- 
mental work. 

Darragh De Lancey, the newly elected director, was 
formerly president of The Waterbury Chamber of Com- 
merce and during the late war served with the War De- 
partment and the United States Shipping Board. 


Steel Passenger Cars for the Northern Pacific” 


Sixty-two passenger cars are being rebuilt by the Pull- 
man Company for the Northern Pacific which will be 
used on trains Nos. 1 and 2 running between St. Paul 
and Seattle. A part of the order has been delivered to 
the railroad company and when completed will consist of 
22 coaches, 12 diners, 11 dynamo baggage cars, 12 bag- 
gage cars and five mail and express cars. Three business 
cars are also being rebuilt in similar manner. All of the 
equipment used on these trains will then be steel. The 
cars are similar to the latest design of Pullman cars and 
are built of wood with steel underframes and ends and 
4% in. steel sheathing. The trucks were reinforced to 
carry the added weight. The advantages ascribed to this 
type of construction over the all-steel construction are 
that they are less noisy, are warmer in winter and cooler 
in summer and more resilient in case of impact. 

The head end system of lighting with power supplied 
by a steam turbine driven generator, located in the bag- 
Sage car, is used on these trains. New switch panels were 
added to the cars, but the lighting fixtures were not 
changed. Storage batteries will be used on each car, 
excepting coaches and straight baggage cars. 


Hydro-Electric Power in Argentina ~ 


Recently published details on the Argentine govern- 
ment’s scheme for utilizing the Iguazu Falls and the Salto 
Grande for the generation of hydro-electricity represent 
the available head of water as varying from 154 ft. to 
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280 ft. and the flow as ranging from 12,000 cu. ft. to 
250,000 cu. ft. a second. The average flow is put at 
50,000 cu. ft., and it is estimated that the development 
would mean a fairly constant output of 370,000 hp., 
most of which would be taken by Buenos Aires. 


Wireless in Latin America 


Announcement has been made that one of the most 
powerful wireless stations in the world is soon to be 
erected at Buenos Aires to operate between Argentina 
and Europe. There will be six 689-ft. towers, and the sta- 
tion is to be erected under contract with the Telefunken 
Radiographic Company of Germany. In Mexico the 
government has approved of the erection of thirty addi- 
tional wireless stations and has besides overhauled and 
put in good condition the twenty-seven stations now in 
operation in that country. 


Electrification in Jamaica 


A bill authorizing the Jamaican Government to take 
over the traction and light system of the city of Kingston, 
Jamaica, and to equip 127 miles of the National Railway 
for electrical operation is now being prepared by the 
Attorney-General for submission to the colonial office. 
The government proposes to borrow between $6,000,000 
and $7,000,000 to carry out the project. 


Contract for Chilean Electrification 


A newspaper report dated July 20 stated that the direc- 
tors of the Chilean State Railways had decided to accept 
the bid of the Westinghouse Electric & Manufacturing 
Company for the electrification of a section of the state 
railways. 

A later report, issued by the Wall Street Journal, states 
that the contract which was awarded to the Westinghouse 
Electric & Manufacturing Company is contingent upon 
certain financial reservations which have not yet been 
accepted by that company. The report further states ‘it 
is understood that the Chilean government has not yet 
found a means of financing the project, and the inference 
is that it is a condition of the contract that the company 
shall assist the government in arranging the financing, 
or shall accept bonds in payment and thereby be obliged 
to find a syndicate here or elsewhere to buy those bonds. 

The contract involves the electrification of the line 
between Santiago and Valparaiso and the connection with 
the Trans-Andine line, from the junction with the Santi- 
ago-Valparaiso line, to Los Andes. The work will involve 
200 route miles and the contract will amount to between 


$10,000,000 and $12,000,000. 


Electric Locomotives for Switzerland 


The Swiss Federal Railway Administration at a recent 
meeting approved the buying of 32 electric locomotives, 
according to Thornwell Haynes, United States consul at 
Berne. A credit of approximately $4,000,000, chargeable 
to the 1921-1923 construction account, was voted for this 
purpose. 


French Railway Places Order with Westinghouse 


An order for electrical equipment amounting to 
$1,200,000 has been received by the Westinghouse 
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Electric International Company from the Midi Railway 
of France. The order includes transformers, synchron- 
ous condensers, lightning arresters and other substation 
equipment. 

The Midi Railway operates an extensive system start- 
ing from Bordeaux, running through Toulouse to Cette, 
with many branches. The section on which the Westing- 
house equipment will be used extends from Pau to Tou- 
louse in the Pyrenees Mountains near the Spanish border. 
The line passes through Tarbes and St. Gaudens, and has 
a total length of about 100 miles. 


Personals 


A. F. Zacher has resigned as district manager of the 
Buffalo office of the Economy Fuse & Manufacturing Co., 
Chicago. 


W. J. Crawford is now with the Electric Storage 
Battery Company, New York City. Until recently he 
was sales engineer for the Cutler-Hammer Manufactur- 
ing Company, New York. 


Paul C. Bandy, formerly handling the sales work in 
the industrial heating department of the Cutler-Hammer 
Manufacturing Company in the western district, is now 
manager of the industrial heating department of the 
Russell Electric Company of Chicago, who have recently 
entered the industrial heating field in an extensive way. 
The industrial heating line of the Russell Electric Com- 
pany will carry the “Hold-Heet” trade name and the line 
includes standard and special space heaters, steel clad 
conduction heaters for practically every heating purpose, 
industrial immersion heaters, glue pots, solder pots and 
all types of special heating units. 


Charles S. Pflasterer has resigned as assistant manager, 
railroad sales department of the National Carbon Com- 
pany, Inc., Cleveland, Ohio, to become railroad sales 
manager of the Twin 
Divyae Celle Battery 
Company, with office 
at = Cleveland’) = Mr, 
Pflasterer was born in 
Allegheny, Pa., in 
1875. After spending 
two years in the steel 
mills at Braddock, 
Pa., he became con- 
nected with the Union 
Switch & Signal Com- 
pany, Swissvale, Pa., 
in 1891 as a laborer. 
In 1893 he entered the 
employ of the John- 
son Railroad Signal 
Company, Chicago, 
and from 1894 to 
1901 was connected successively with various signal com- 
panies, the Chicago & Eastern Illinois, the Cleveland, 
Cincinnati, Chicago & St. Louis, the Chicago Elevated 
Railways and the Chicago Great Western. In 1901, he 
was appointed interlocking foreman on the Union Pacific 
at Omaha, Neb. From 1901 to 1908, he was successively 
signal foreman, general signal foreman, superintendent 
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of construction, general signal inspector and assistant 
signal engineer, and in 1909, was appointed assistant 
signal engineer of the Oregon Short Line, with head- 
quarters at Ogden, Utah. In 1911, he became connected 
with the National Carbon Company, Inc., in charge of 
the caustic soda primary battery department. In October, 
1919, he was appointed eastern manager of the railroad 
sales department at Cleveland and now resigns as assistant 
manager of the railroad sales department of the National 
Carbon Company, Inc., to become railroad sales manager 
of the Twin Dry Cell Battery Company, as above noted. 


Aaron L. Nelson, of Deer Lodge, Montana, has sailed 
for South America. His address will be: General Elec- 
tric Company, Caixa Postal 547, Sao Paulo, Brazil, S. A. 
Mr. Nelson has been with the General Electric Company 
since 1909, and represented it in the electrification of the 
Chicago, Milwaukee and St. Paul Railway. 


G. A. Nelson, special representative of .the Water- 
bury Battery Company, of Waterbury, Conn., has been 
elected vice-president and general sales manager, with 
headquarters at New 
York. Mr. Nelson 
was born in Chicago, 
and started his busi- 
mess, Career eine that 
city with E. W. Gil- 
lett. In 1895 he was 
in Toronto, Ontario, 
in temporary charge 
of the Canadian busi- 
ness of E. W. Gillett, 
of Chicago. In 1897 
he came to New York 
to open up and_ be- 
come manager of a 
branch “factory of 
the Champion Chemi- 
cal Works, Chicago, 
grinders and packers 
of caustic soda and similar chemicals. In 1901 he was 
elected secretary and treasurer of the Gordon Primary 
Battery Company, and continued his connection with that 
company until January 1, 1916, at which time he accepted 
the agencies for several lines of railway tools and sup- 
plies. In March, 1917, he was appointed special repre- 
sentative of the Waterbury Battery Company, and he 
now becomes vice-president and general sales manager 
of the same company, as noted above. Mr. Nelson has 
been an active member at the various railroad conven- 
tions. Since 1914 he has been secretary-treasurer of the 
Railway Telegraph & Telephone Appliance Association. 


G. A. Nelson 


Obituary 


Albert Taylor, manager of the North Atlantic dis- 
trict, of the Electric Storage Battery Company, Philadel- 
phia, Pa., died suddenly on July 6. He was taken ill in 
his office in New York City and died a few hours later 
in a hospital. Mr. Taylor was born in Liverpool, Eng- 
land, on February 6, 1864, and in 1884, he was graduated 
from Princeton University. He served an apprenticeship 
with the Edison General Electric Company and in 1885, 
joined the United States Electric Company. This com- 
pany was absorbed by the Westinghouse Company in 
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1889, and in the Spring of 1890, Mr. Taylor became asso- 
ciated with the Stanley Electric Manufacturing Company, 
Pittsfield, Mass., remaining in its employ for eight years. 
In 1898, he entered the service of the Eléctric Storage 
Battery Company, as a salesman in its New York office. 
In January, 1900, he was made assistant manager; in 
March of the same year he was appointed manager of 
the New York office, and since February, 1920, he was 
manager of the North Atlantic district. 


Francis Bacon Crocker, noted electrical engineer, 
died at his home in New York City on Saturday, July 
9. Professor Crocker was born in New York City in 
1860. He was graduated from the School of Mines at 
Columbia University in 1882. Later he founded the 
School of Electrical Engineering at Columbia University 
and was the head of that school for nearly twenty years. 
His most conspicuous contribution to the electrical in- 
dustry was the commercial motor, the first of which was 
put into use in 1886. In company with Charles G. Cur- 
tiss and Dr. Schuyler S. Wheeler he produced these 
machines, which were the forerunners of the present 
electric motor. In addition to his scientific and scholastic 
work he was active in the commercial applications of elec- 
trical equipment, being one of the founders of the C. and 
C. Company and the Crocker-Wheeler Company, of which 
he was director at the time of his death. During the 
war Professor Crocker was an adviser to the members 
of the Naval Consulting Board and, in company with 
Peter Cooper Hewitt, he developed the first helicopter 
in this country which was capable of flight. 


Trade Publications 


The Holtzer-Cabot Electric Company has issued a 
16-page booklet describing and illustrating its fire 
alarm, watchmen’s clock and audible signal systems 
for use in railway service and elsewhere. 

The Sangamo Electric Company, Springfield, IIL, 
has issued a small two-fold pamphlet which lists and 
illustrates the various models and types of meters 
manufactured by that company, and states where they 
are made and where they are sold. 


The Holtzer-Cabot Electric Company, Boston, Mass., 
has recently issued a small 16-page illustrated booklet 
listing the various types of electrical signaling devices 
which it manufactures. The line of equipment is very 
complete, comprising hospital signaling systems, fire 
alarm systems, calling systems, bank signal systems, 
watchman’s clock systems, etc. Both visible and audible 
apparatus is included. The company also manufactures 
radio receiving head sets and telephone extension brackets 
or arms for desk mounting. 


’ Auxiliary Apparatus for Electric Arc Furnaces is 
described in an 8-page bulletin No. 4871O0B issued by 
the General Electric Company, Schenectady, N. Y. 
The apparatus described in the bulletin consists of 
transformers, switchboards, motors, reactors, electrode 
regulators, small motor-generator sets, cables and 
other accessories. The characteristics of electrode 
motors and tilting motors are treated separately, and 
the bulletin covers protective equipment for furnaces 
where this is found necessary. A wattmeter record 
shows the advantage of automatic electrode control over 
hand control. 
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At the time of going to press it is doubtful if the regu- 
lar annual convention of the Association of Railway 
Electrical Engineers will be held. 


The In the spring, when it was decided 
Convention to omit the semi-annual meéting of 
in Doubt the association, notices were sent to 


members advising them of the de- 
cision, and at the same time stating the place and date 
of the fall meeting. Recently, however, the Association 
of Railway Executives suggested that the various sec- 
tions of the American Railway Association postpone in- 
definitely all conventions or curtail them as much as 
possible. While the Association of Railway Electrical 
Engineers is not officially connected with the American 
Railway Association, there is reason to believe that the 
influence of the Association of Railway Executives will 
be sufficient to effect a cancellation of the annual meeting 
of electrical men. The actual decision will be made by 
the association’s board of directors which meets on Sep- 
tember 10. 


From custom, rather than from reason, the location of 
headlight generators has been almost invariably at some 


point on top of the locomotive 

Convenient boiler. The obvious thing is that 
Headlight which is frequently overlooked, and 

Maintenance _ it is certainly obvious enough that a 


piece of equipment requiring more 
or less frequent inspection should not be located in the 
most inaccessible place possible. Why must the headlight 
generator always be placed on top of the locomotive 
where it is not only difficult to inspect, but where, due 
to the heat of the boiler, the inspection is accomplished 
with no small amount of physical discomfort. Physical 
discomfort is rarely sought after and there is nothing 
more logical than that headlight maintenance should be 
slighted in direct proportion to the hardships involved in 
its accomplishment. 

The idea may seem quite reactionary and it certainly 
is original to have the turbo-generator located on a spe- 
cial bracket under the smokebox, but the suggestion has 
been offered by a man who has made a study of the situ- 
ation and it must be admitted that it is not without merit. 
With the equipment in such a position it is readily acces- 
sible wiih a minimum of inconvenience and discomfort 
and is almost certain to enjoy better maintenance than 
in most of the locations which it commonly occupies at 
present. It is suggested that the turbine discharge into 
the smokebox instead of into the air. Of course, a longer 
steam pipe would be required than is needed by many of 


the equipments now in use, but this does not appear to 
be a serious obstacle. 


It cannot be denied that locating the turbo-generator 
under the smokebox is a unique suggestion and until it 
has been actually tried, it would be difficult to determine 
what objections, if any, there could be to this new loca- 
tion. It will be interesting to study the first installation 
of this kind. What do you think about it? 


Washing, cleaning and repairing lead storage batteries 
for car lighting service does not involve a great num- 
ber of operations but there is prob- 

Maintenance of ably no other work done by the elec- 

Car Lighting trical men on the steam railroads 
Batteries which is performed by such a va- 
riety of methods. The batteries used 
by the different roads and the conditions under which 
they operate are at least similar, but it appears that each 
road, or in some cases each shop where repair work is 
done, has developed its own particular methods of tak- 
ing care of lead car lighting batteries. In general, the 
methods do not differ greatly, but the detail schemes 
and stunts used in the different shops are almost as many 
as there are shops. 

There is no railroad which has as many batteries to 
care for as has the Pullman Company and probably there 
is no railroad that has as highly developed a system for 
maintaining batteries. This method is described else- 
where in this issue and it is well worth the attention of 
all who are interested in battery maintenance. Probably 
there are few roads that need such elaborate means for 
the care of their batteries, but it has taken much time, 
study and work to develop the system used by the Pull- 
man Company and undoubtedly a number of methods and 
devices described can be used advantageously by some of 
the railroads. 


There is much activity in European railway electrification. 
European railroads are harder pressed than those in the 
United States by financial difficulties, 


Electrification, labor troubles, etc., but in spite of 
Foreign and this they are going ahead with exten- 
Domestic sive programs of electrification in- 


volving the expenditure of many mil- 
lions of dollars. The principal reason is that fuel is 
scarce, high priced and difficult to obtain. “Dr. Frank B. 
Jewett, chief engineer of the Western Electric Company, 
has just returned from a three-months’ trip through 
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Europe and has made a report of conditions, an abstract 
of which follows 


“Plans are now laid in virtually all European countries to harness their 
water power so as to produce electricity. In Switzerland, Italy, Norway, 
Sweden, Denmark, and even England, detailed plans for development of 
natural water power for the electrification of railrcads are under discussion. 

“In these countries where there is a scarcity of ccal, hydro-electrical de- 
velopment is of vital importance. In England, while tremendous electrical 
development is being considered, the absence of any considerable water 
powers and the relative abundance of coal gives this problem a scmewhat 
different trend from that observed in continental Europe. While the conti- 
nental projects contemplate the development and linking together of hydro- 
electric plants, it is probable that in England the development will be along 
the lines of establishing enormous generating stations at or near the mine 
mouths and linking these stations together and to main-line distribution sys- 
tems for supplying energy wherever needed in England, Scotland and Wales. 
As on the Continent, the scheme under contemplation in England involves 
extensive electrification of trunk-line railrcads. 

“In the Scandinavian countries the fuel situation makes a substitute for 
power derived from coa! a matter of economic life and death. There is talk 
of combining the natural resources of Norway, Sweden and Denmark, The 
electricity could be distributed where it was needed. Norway has enormous 
natural water resources, Sweden not so many, and Denmark very few. 
The energy would have to be transmitted by submarine cable in many cases, 
and this fact presents some interesting engineering difficulties. However, 
Copenhagen utilities are now being run to a considerable extent by Swedish 
power brought over by submarine cable. 

“The immediate difficulty in carrying out these extensive developments is 
the financial situation. That is all that is holding them back. They hesitate 
to borrow 50 per cent money which they will later have to pay back in 100 
per cent money. It is probable, therefore, that little will be done until the 
currency has recovered somewhat from the present depreciation.” 

America is faced by no such coal shortage, but in all 
probability the price of coal will eventually increase 
enough to make the electrification of certain sections of 
road more and more desirable. Fuel cost is by no means 
the principal factor governing the adoption of electric 
traction in this country—increased track capacity, for ex- 
ample, is a better argument for favoring electrification— 
but fuel is a factor of increasing importance and in cases 
where the decision has been in the balance for some time, 
it may be sufficient to cause a road to use electric motive 
power. As is the case in Sweden, the American railroads 
hesitate to borrow money which will later be worth more 
than it is now, but that condition is passing and we seem 
to be on the threshold of an era in which electrification 


will be extensively adopted. 


Enginehouse lighting, like enginehouse wiring, is a prob- 
lem which no one claims to have solved to his entire 
satisfaction. The electrical engineer 
of a western road recently said, “If 
there is someone who knows how to 
light enginehouses, I’d like to have 
him tell me how it is done.” The 
difficulties are caused principally by the facts that every- 
thing in the house is black and does not reflect light; 
dirt accumulates rapidly which covers the lamps and 
reflectors; and at times there is an overhanging vapor, 
the lower limit of which is known as the steam line, that 
obscures the light if the unit is placed too high; more- 
over, the spaces to be lighted are long and narrow. In 
addition to these difficulties the light must be so located 
and directed that it will be of benefit to the men working 
on the locomotives and wil! not project a glare into the 
eyes of the engineman bringing the locomotive into the 
house. 

-In spite of all these difficulties, enginehouses are 
lighted, the old oil torch is practically obsolete and the 
pro oblem of the electrical engineer is to select the system 
mest suitable to the requirements and if possible to dis- 
cover some way of improving it. There are three gen- 


Enginehouse 
Lighting 
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eral methods of lighting in use; (1) overhead lights with 
reflectors mounted between stalls and over the runways 
as high as will be permitted by the steam line; (2) a 
larger number of smaller lights on cords between stalls 
hung nearer to the floor than those in the first case; (3) 
headlights or floodlights mounted on the wall of the outer 
circle or both inner and outer circles. 

Overhead lighting with high-mounted units is, of 
course, the best where it is practicable, but the reflectors 
get dirty quickly and as it is not easy to clean them they 
frequently are left a long time without cleaning. Further- 
more in localities where the winters are cold, the steam 
line comes down so low that the lights do not function. 
Perhaps some kind of a disconnecting hanger which 
would facilitate the cleaning of the units would make this 
the best of all the methods. 

When the reflectors are omitted and the units placed 
lower, the light is down where it is available, but it is 
of a poorer quality and the theft and breakage of lamps 
is increased. Due probably to the shortcomings of other 
methods this method is in very general use. 

The older types of Reade nes caused objectionable 
glare and gave a light that was not easy to work by. The 
use of reflectors giving a wider dispersion of light, 
mounted in pairs with crossed beams, has greatly im- 
proved this form of lighting. It is still a light which is 
projected onto the work at a low angle but the lighting 
is effective and as the lighting units are low and have a 
glass cover, they are easy to clean. 

Choose the system best adapted to your needs depend- 
ing upon the amount of steam and smoke in your engine- 
house, the amount of space between stalls, the location of 
the supporting columns and the facilities you have for re- 
newing lamps and cleaning reflectors and tell the Railway 
Electrical Engineer about any improvement or new sys- 
tem you have developed so that the information can be 
passed on to others. 


New Books 


E. M. F. Electrical Year Book. First Edition, 9 in. x» 12 in.. Bound in 
cloth. 843 pages illustrated. Published by Electrical Trade Publishing 
Company, 53 West Jackson Bculevard, Chicago, Illinois. 

The book is called a combined dictionary, encyclopedia 

and trade dictionary of the electrical industry and com- 

prises three leading features; compilations of facts and 
figures about each branch of the industry, definitions of 
electrical and allied terms and a classification of products 
made and used by the industry with listings of their pro- 
ducers. For example, the book lists the aims and activi- 
ties of the Association of Railway Electrical Engineers, 
and it describes 21 different types of sockets for electric 
lamps, listing the manufacturers of each type. It con- 
tains a short treatise on electric locomotives and does not 
omit small things, such as locknuts and bushings for 
conduit. Household, as well as shop, appliances are in- 

cluded and it is the object of the publishers to make it a 

useful annual reference book. The book contains a liberal - 

education for any electrical man and should be of real 
value to anyone whose duties involve the use or selection 

of a wide variety of electrical apparatus. About 30 

writers, including college professors, electrical engineers 

and other specialists have contributed material and the 
book was compiled and edited under the direction of 

Frank H. Bernhard. 


New Coaling Stations on the Santa Fe 


Automatic Electrical Control Permits Continuous 
Operation of Bucket, with Capacity of 
Seventy-Five Tons an Hour 


HE Atchison, Topeka & Santa Fe has recently placed 
in service at Dodge City, Kan., a 400-ton rein- 
forced concrete automatic electric coaling and sand- 

ing plant built by the Roberts and Schaefer Company, of 
Chicago. This plant was designed and erected by the 
above contractors under the jurisdiction of F. M. Bisbee, 
chief engineer of the Santa Fe lines, Amarillo, Texas. A 
plant similar to that shown in the above illustration has 
also been constructed for the same road at Guthrie, Okla. 

The station has an overhead storage capacity of 400 
tons of bituminous coal, serving two outbound tracks run- 
ning under the pocket and two inbound tracks, one on 
each side of the pocket. The coal supply track is located 
at the north side, 37 ft. from the first inbound track. 


Construction 


The main pockets, the house over the pockets, and the 
hoist house were constructed of reinforced concrete of the 
proportion of 1:2:4 while the lower portion of the tower 
and canopy over the receiving track are built of structural 
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Coaling Plant at Guthrie, Okla., Under Construction 
steel. The car shed is enclosed with “Armco” corrugated 
galvanized iron. The entire station was completed in five 


months. 
The Handling of the Coal 


The coal.is dumped from the car into a concrete re- 
ceiving hopper under the supply track, from this hopper 
the coal is automatically measured through a 2'%-ton 
measuring feeder that loads the coal into a 2%-ton bucket 
which in turn carries the coal to the overhead pocket. 

_ Two 12-ton steel weigh-hoppers, each hanging on an 
18-ton Strait scale, are suspended from the floor slab of 
the pocket. Each hopper is provided with two “Rand’s 


r 


Dedge City Coaling Plant 


Safety First” undercut coaling gates and apron fixtures. 
The filling of the weighing hoppers and the operation of 
the aprons and gates to coal engines and record the draft 
taken 1s handled by an operator located in the enclosed 
ee te house over the tracks at the proper weigh-hopper 
evel. 


The Handling of the Sand 


The sand is dumped in the same manner as the coal, 
elevated and discharged by the same bucket, into the 
dump chute and by-passed through a steel chute to a 50- 
ton reinforced concrete wet-sand bin. Through two gates 
at the bottom of this bin the sand gravitates into two 
“Beamer Patent’? steam sand dryers, which are made of 
1)4-in. pipe coils bent in rectangular form tapering toward 
the bottom with a side slope and spacing between the 
coils so as to allow the dry sand to fall through into a 
steel gatheritig hopper, but holding the wet sand. Below 
the hopper is placed a Tyrone automatic sand drum, 
from which the sand is elevated by means of compressed 
air to an overhead concrete bin holding 10 tons. From 
this bin the sand flows through a moisture-proof under- 
cut sand valve and telescoping spout to each of the four 
tracks. 


Machinery 


The machinery consits of a 2!%4-ton ball bearing elevat- 
ing bucket, a balancing counter-weight cable electrically 
operated drum hoist and the automatic controller equip- 
ment. As shown in the illustration this big bucket operates 
in a steel incline tower between the track hopper and the 
pocket. A seven-eighths-inch cable runs from the bucket 
to overhead sheaves then down to the hoist located in the 
small building at the lower left of the picture. 

The hoisting drum is directly connected through spur 
gears and a herring-bone gear to a 22 hp., 220-volt, 60- 
cycle a.c. motor provided with a solenoid brake. This 
motor is so controlled as to permit the continuous ascent 


_and descent of the elevating-bucket without the services 
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of an attendant. Under normal conditions the bucket will 
carry up a load, dump and return and be filled again in 
two minutes. 


Description of the Skip Hoist Controller 


The electrical control equipment manufactured by the 
Cutler-Hammer Mfg. Co., consists of a panel containing 
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which handle the primary of the motor. One of these 
contactors is closed for each direction of the motor, 
There are also two double-pole magnetic contactors to 
They are controlled by 
series relays which allow them to close when the current 
peaks have dropped to the proper value, thus shorting 
out the rotor resistance and bringing the motor up to 
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Connections for Skip Hoist Controller r 


the magnetic contactors mounted in a sheet steel enclosing 
case which also contains the accelerating resistance, a 
machine limit switch which is geared to the winding 
drum, a push-button station and a geared type over-travel 
limit switch. 

The panel contains two double-pole magnetic contactors 


speed. During the slow down period these contactors 
again open and insert the rotor resistance and thus slow 
down the motor. The panel also contains a timing relay 
which automatically starts the motor in the opposite direc- 
tion after a definite time interval. There is an auxiliary 
telay which serves to prevent the motor from reversing 


Electrical Automatic Control 


Panel. 


Winding Drum Shown at the Right 


September, 1921 RAILWAY 


immediately in case the timing relay should fail to 
“operate. 


The machine limit switch, located on the wall, contains 
four elements, a final and a slow down limit in each direc- 
tion. hese elements are operated by a traveling nut on 
u screw shaft, the shaft being geared to the winding 
drum causing the nut to travel along its length and trip 
the slow down and final limits when the skip has reached 
the proper position. 

The enclosed limit switch on the other end of the drum 
shaft, shown in the steel cabinet, is the final safety 
switch, should the cable start to overwind, this switch im- 
mediately cuts out the current bringing the machine to 


Another View Showing Relative Positions of Motor and Winding 
Drum 


rest. The over-travel switch is mounted just beyond the 
final limit in the up direction and serves to stop the equip- 
ment should it pass the final limit. 

The push-button station contains two buttons marked 
“raise” and “lower,” and a snap switch marked “on” and 
“safe,’—the skip starting up in the proper direction when 
Gither the “raise” or “lower” button is operated. The 
equipment is stopped by operating the snap switch in the 
“safe” position. The motors cannot again be started until 
the snap switch is first moved to the ‘‘on” position. Once 
the equipment has been started by means of either the 
“raise” or “lower” button, it will continue to alternately 
hoist and lower until stopped by the “safe” bution. 

Preliminary compilations of railway returns for the 
month of July, the first month since the wage reduction 
took effect, show an improvement over previous months. 
The net operating income for 172 roads was $57,254,000. 
In June all the Class I roads earned about $51,000,000. 
To earn at the rate of 6 per cent, all the Class I roads 
should earn about $90,000,000 for July. The total oper- 
ating revenues of 172 roads show a decrease of 13.1 
per cent, while their operating expenses show a decrease 
of 29 per cent. 
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Austria Plans Extensive Electrification 


urRING 1920 Austria imported 4,800,000 tons of 
coal, and if minimum requirements are to be met 


-in 1921 about 7,000,000 tons will have to be imported, 


which will cost about 24,000,000,000 Austrian kronen 
($47,500,000 at the present rate of exchange). This 
coal comes principally from Czecho-Slovakia and Upper 
Silesia. Austria produces about 20 per cent of its re- 
quirements, but the coal is of such a poor quality that but 
little of it can be used on locomotives. On account of 
the high price of export coal there is every incentive 
for railway electrification, particularly so because of the 
large amount of water power available. It is estimated 
that there is a potential of 2,500,000 hp. to be developed 
by hydro-electric plants of which only 205,000 hp. is now 
being used. By proper development of this source of 
energy some 6,000,000 or 7,000,000 tons of coal could be 
saved. 

The present economic and financial conditions in Austria 
permit of only gradual development. On account of the 
precarious financial situation the government has reduced 
the credit already granted for the electrification from 
1,200,000,000 to 500,000,000 kronen. This and the pro- 
hibitive price of certain materials which, because of lack 
of coal must be purchased abroad, are hampering the 
progress of the work. Those lines are to be electrified first 
which have heavy grades and are located far from the 
coal supply. Facilities for the production of electric 
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Proposed Electrification in Austria. Dotted Lines Show Work to Be 
Undertaken First, Heavy Lines Indicate Projects for Future 


current and traffic conditions are also taken into consider- 
ation. 

On July 23, 1920, a bill passed the Austrian National 
Assembly which authorized the electrification within a 
period of seven years of 405 miles out of the 2,780 miles 
of railway lines administered by the Austrian government. 
The lines, which are shown on the accompanying map by 
a dotted line, are: 


Innsbruck-German-Swiss border line.............. 146 miles 
Salzburg-Schwarzach-Worgl 119 miles 
SchiwarzachaVilachiy waver vraataeyens) srenenmerelc 73 miles 
Steinach=A tinan Oa sides maa stovetsteteyslelaioisitie steracere ievereia ens 67 miles 

TOtabi ne. oy-« syeisttin, ean oy ata ove. apap ene ions Merers eons 405 miles 


The bill provides for the expenditure of a sum not to 
exceed 5,096,000,000 kronen (about $10,000,000) to be 
covered by an Austrian government bond issue repayable 
within 25 years from date of issue. An effort will be 
made to enlist foreign capital by mortgaging the railways 
themselves. So far all expenses have been covered by the 


338 


government without the issue of a loan and without 
foreign capital, although negotiations with foreign finan- 
cial interests are in progress. 

The bill further contemplates the electrification in a 
second period of seven years of the following lines, which 
are shown on the map by heavy solid lines: 


Vienna-Salzbure oe sts see orate ctesvsce ene ober ee elie coronecl hates 195 miles 
Amstetten-Selzthal 114 miles 
St. Michael-Villach : 109 miles 
St; Walentin-Kia Reifliniganecctepceneiren cheaters 42 miles 
St., Veit-Klagehifurts «:,<scnters cute & oot setehebenerete: setersr stare 11 miles 
Selzthal-Bischofshoters sere eer cuerstcrseiete enerenarenere inte 61 miles 
Linz-Selzthal © ...ccckiss eile aise cece ne oe ene eoree ecee 65 miles 
Hiedau=Vordernbero) Sasa ciate (ieee aeapelcnreieregs yen ere 22 miles 
Weels=Passata — vs. d.sisstieteleeane eilssantie claus tesco elade eles cttstroren sie 50 miles 
Wrorel-Tnnsbrick’ sya enndc creteve tcl ancueletstn cueiekermencroneneionene 37 miles 

"Ttall i aercsteris.s09 si avs arerehasnumrcte tee eeeeeto ee tane 706 miles 


If this is done, 1,111 miles or 40 per cent of the Austrian 
State Railway will have been electrified. The remaining 
lines by reason of the peculiar traffic will probably not be 
electrified at all. 

The electrified lines will operate on single phase current 
at 16% cycles per second. Power will be transmitted at 
50,000-110,000 volts and transformed to 15,000 volts for 
the contact wire. It is to be noted that this is the same 
system in use in Switzerland. 

The total available energy is estimated for the electric 
operation in question at 357,200,000 kw-hr. per year. 

The power stations for the Innsbruck Swiss-German 
border line are the Rutz River station near Innsbruck and 
the Spuller Lake station near Danoefen. The sub-stations 
are to be located at Zirl, Rappen, Flirsch and Danoefen. 
The yearly capacity of the Rutz River power station 
amounts to 39,000,000 kw-hr.; that of the Spuller Lake 
power station to 25,000,000 kw-hr. Taking the density 
of the traffic in 1913 as a basis, the total energy needed 
from both stations amounts to only 43,000,000 kw-hr., 
whereby it can be seen that there will be a big reserve for 
increase of traffic. The Spuller Lake power station is a 
new plant while the Rutz River station has only to be 
enlarged. 

The Spuller Lake power station, where work was 
started in September, 1919, will contain 6 units of 8,000 
hp. each. At the beginning only 3 units will be used. The 
hydraulic work is very complicated. 

The Rutz River station has at present a capacity of 8,000 
hp. and will be enlarged to 16,000 hp. The reconstruction 
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of the Rutz River station will be completed in the spring 
of 1922. The Spuller Lake power station and the sub- 
stations between that place and Innsbruck are to be com- 
pleted in the summer of 1923. Completion of overhead 
construction on the line Innsbruck-Telfs is expected for 
the fall of 1921, that of the line Telfs-Landeck for the 
winter 1922. Landeck-Bludenz the winter of 1923. By 
using the energy of Rutz River station electric operation 
on the Innsbruck-Landeck line is expected to become 
effective at the beginning of 1923; the electric operation 
of the Arlberg line between Landeck-Bludenz will prob- 
ably not be possible before the beginning of 1924. 

For the remaining lines to be electrified during the first 
period, two power stations have been planned, and work 
has recently been started. These stations are the Stubbach 
valley power station with 40,000 hp. for supplying the 
Worgl-Salzburg line, and the Mallnitz power station with 
16,000 hp. for supplying the Schwarzach-Villach line. 
The substations will be located at Westendorf, Hochfilzen, 
Bruck, Fusch, Bischofshofen, Hallein, Hofgastein and 
Mallnitz. Work is expected to be completed at the latest 
by the end of 1926. 

The electric energy for the operation of the Attnang- 
Steinach line will be taken from the existing Steg power 
station near Hallstatt owned by the firm Stern & Hafferl. 
The necessary work there is expected to be completed at 
the beginning of 1923, so that electric operations will then 
be possible. 

Of rolling equipment only locomotives are to be secured. 
So far 27 locomotives—15 passenger and 12 freight—have 
been ordered from Austrian factories (Brown Boveri, 
A.E.G., Union and Siemens-Schuckert). This is about 
one-eighth of the locomotives needed for operation on all 
lines to be electrified. The passenger locomotives will 
be of the 2-6-6-2 type and the 2-6-2 type. The 2-6-62 
engines will operate at a speed of 31 m.p.h. The capacity 
of these locomotives is about 25 per cent greater than that 
of the five driving axle steam locomotives now used. 
They have a rated horsepower of 1,850 at 30 m.p.h. and 
an overload capacity of 3,000 hp. 

The freight locomotives will be of the 0-10-0 type with 
a rated capacity of 1,000 hp. at an average speed of 18.5 
m.p.h. and an overload capacity of 2,000 hp. The cars to 
be used in the trains operated by electric locomotives will 
be the same as used for steam operation. 


Photo by Ewing Gallowawv 


Redwood Lumber on the Waterfront at Eureka, Cal. 


Methods and Devices Used by the Pullman Company 


Lead Storage Battery Maintenance and the Construction of a 
New Type of Cell 


Parte 


HIGHLY developed system for maintaining lead 
storage batteries has been developed by the Pull- 
man Company which has materially reduced the cost 

and time required for testing, washing and repairing and 
which makes it possible to keep a record showing the con- 
dition and location of each and every battery. This ar- 
ticle describes the manner in which the work is done at 


Fig. 1—View of the Charging 
Battery Department 


and Testing Room Known as the 


Buffalo, N. Y., and the general methods are typical of 
those used in the other large Pullman repair shops. 


Inspection 


When the cars are shopped for general repairs the bat- 
teries are removed and taken to the electrical repair shop 
on an electric truck. A blank form is filled out each time 
a battery is removed or applied to a car and these forms 
are sent to the general office. This form records the 
name of the car, the number of the battery, number of 
cells in battery, cause of removal, type of battery, by 
whom maintained, and the date on which the work was 
done. The same form provides for a record of the re- 
moval or application of generators, regulators and meters. 
Before the batteries are taken into the building all the 
dirt on the covers and outside of the crates is removed 
with a steam jet. A piece of pipe flattened at one end 
provides the nozzle and this is connected to the steam 
line by a short piece of hose. 

After the outside dirt is removed, the truck, with the 
batteries still on it, is run into the charging and testing 
room, Fig. 1, where the batteries are inspected, charged, 
discharged and charged. This room is designated as the 


_ Part 2 will describe a number of devices.developed and used by the 
Pullman Company in its electrical repair shops. 


battery department in Fig. 3 and is furnished with long 
low benches, the same height as the trucks. The benches 
are arranged with a number of cross aisles and one longi- 
tudinal aisle. There is a door for each cross aisle and 
the batteries are brought in through these doors by the 
electric truck. 

After charging, the batteries are discharged at the nor- 
mal rate and a performance record is kept which is made 
out on a prepared form called a preliminary battery dis- 
charge record. The specific gravity reading of each cell 
is taken at the end of each charge. A voltage reading 
is taken of each cell at the beginning of the discharge 
run and at the end of the first, second, third and fourth 
hours. After that, cadmium readings are taken to the 
positive and negative plate of each cell once an hour to 
the end of the eighth hour. The preliminary battery dis- 
charge form also provides space for making notations on 
the condition of different parts of the battery and record- 
ing the kind and number of repairs necessary. 


Removing Covers and Elements 


From the testing room the batteries are taken on a 
hand truck down the longitudinal aisle of the battery de- 


Fig. 2—View in the Battery Cleaning Room, Showing Dismantling 


Table in Center 

partment (Fig. 3). to the battery cleaning room. A 
steam cover which just fits over the top of a battery crate 
is used to soften the sealing compound so that the covers 
can be. pried off. 


Washing, Pressing and Assembling Elements 


After the covers are removed the elements are lifted 
out of the tanks with self-locking blocks fitted with two 
hooks. One man places the hooks into the bolt holes in 
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the terminal lugs and holds the groups and separators 
while the other works the blocks. There are two sets 
of blocks, each of which travels on roller carriages sup- 
ported on overhead I-beams over the entire length of the 
dismantling pressing and assembling table. There is also 
an elevated traveling table shown in Fig. 2, between the 


Fig. 4—Assembling Table at Left Center. This Table Is Located 
in the Battery Cleaning Room and Is Separated from the 
Dismantling Table by a Tank and Press 


two sets of blocks which can be moved in the same man- 
ner. These tables are covered with antimonial lead. 
The dismantling table is also shown in Fig. 2 and its 
location with relation to other apparatus in the battery 
cleaning room is shown in Fig. 3. 
If a set of elements is badly warped and grown so that 


Fig. 5—Elements and Lining in Need of Repairs Are Taken to the 
Bench Shown at the Left 


it is particularly stubborn about coming out of the tank, 
the battery crate is placed on the dismantling table and 
a half-ton chain block used to pull them out. A plank 
is used as a shore between the center partition of the 
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battery box and one of the I-beams overhead to keep the 
crate down while the element is lifted out. 

When the elements have all been removed and placed 
on the dismantling table, the separators are taken out and 
the elements washed with a hose. <A large low velocity 
stream is used for this purpose. A piece of 34 in. pipe 
serves as a nozzle and the water is turned on enough to 
project the stream about two or three feet. 

After the elements are washed they are placed on the 
traveling table which is then moved along its track to a 
position between the two presses shown in Fig. 4. These 
presses are made with 10 in. air brake cylinders mounted 
in a horizontal position. Elements which are in need of 


straightening and trimming are taken off the traveling 
table here, straightened and trimmed and replaced on the 


Figs. 6 and 7—Two Positions of the Rack for Holding Battery 
Tanks. This Rack Greatly Facilitates the 
Washing of the Tanks 


table. Space blocks of a certain size and thickness are 
provided for each type of element. These blocks are of 
such a length that when placed with one end against the 
connecting strap, the other,end will be flush with a plate 
of the proper length. If the plate has grown too long, 
the elements which need cutting, while still in the form, 
are removed to a hand saw table in the same room and 
the surplus material removed at one cut. 

The tank shown at the right of the presses in Fig. 4 
contains water and is used for cooling negative elements 
that show a tendency to heat up, or as a place to keep 
negative elements in case it is not convenient to reas- 
semble the battery immediately after washing. 

After the elements are trimmed and pressed into proper 
shape the traveling table is moved to the position over 
the assembling table shown in Fig. 4. The elements are 
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then laid on their sides on the assembling table and the 
separators which have been washed in a tank of water 
are slipped in between the plates. Broken separators are 
replaced with new ones. 

The elements are then tipped up to a vertical position 
onto a two-inch plank which lies on the assembling table. 
The plank makes it possible to tip up the elements easily 
without displacing the separators. 

After the elements are assembled the traveling, self- 
locking blocks are used to lift them into the tanks which 
have been washed in the meantime, placed in repainted 
crates, and brought on a truck to the extreme end of the 
assembling table. This operation is shown in Fig. 5. 
Thin copper sheets bent in the form of a V and placed 
over the lip of the tanks are used to guide the elements 
down into the tanks. The battery tanks are then filled 
with electrolyte from a hose fitted with a lead spigot. 
The electrolyte is carried by gravity from the acid room 
which will be described later. 


Repairs to Elements and Lead Lining 


All elements and linings that are in need of repairs are 
taken to the bench shown at the left in Fig. 5. Whena 
strap is to be burned on to a group of plates, or new plates 
added to a group, the element is placed in.a box contain- 
ing a number of partitions and with two sides removed, 
also shown in the same illustration. The plates are thus 
held in position whether connected to the strap or not. 
Z-shaped pieces of boiler plate, bolted to the bench, are 
used for the shaping and repair of lead linings. 


Washing Battery Tanks 


The device used for washing battery tanks is shown in 
Figs. 6 and 7. After the elements and side sheets have 


Fig. 8—Equipment Used in Painting the Lead Linings with Acid 
Proof Paint : 


been removed, the electrolyte is poured into the acid 
dump tank shown at the left and then the crate is placed 
on the cradle in the position shown in:Fig. 6. The cradle 
is then raised to the position shown in Fig. 7, so that the 
battery crate is upside down over the two washing nozzles. 


These nozzles can be moved back and forth about a. 


horizontal axis by the lever and they are connected to 
both the water and steam mains. Water is turned on 
first and the nozzles moved back and forth until all the 
sediment is washed out, after which the water is turned 
off and steam blown into the tanks for a few seconds 
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which completes the washing process and dries out the 
tanks. 

The overflow from the battery washing tank is shown 
at the right in Fig. 7. This overflow carries the water 
into another tank or cistern outside the building which, in 
turn, overflows into two other tanks that overflow into 
the sewer. Thus the sediment is retained in the four set- 
tling tanks and is shoveled out at intervals and sold. 


Pulling Lead Linings 


When it is necessary to pull lead linings from the solid 
battery crates, the crates are placed on a low bench ad- 


( 


Fig. 9—View of the Switchboard Room 


jacent to the washing table and a steam cover applied 
which just fits the top of the crate. 

The tanks are kept full of steam until the compound 
in which they are set is softened. The battery crate is 
then held in a vice, one jaw of which is made of a ten- 
inch air brake cylinder mounted in a horizontal position, 
while the lead lining is pulled by a small chain hoist 
fitted with special grips for taking hold of the upper edge 
of the lead lining. 


Cleaning and Repainting Lead Linings 

After the lead lining has been removed it is placed in 
a tank containing a hot solution of caustic soda and is 
scrubbed with a brush until all of the old paint is re- 
moved. Then it is inspected and repainted with acid- 
proof paint on the stand shown in Fig. 8. The upper 
platform of the stand is free to rotate and the lining is 
placed upside down on this and the paint applied with a 
brush. The larger lower platform is rigid and its pur- 
pose is to catch the drip. 


The Acid Room 


The acid room, located at the east end of the building, 
is quite elaborate and has several features which are 
unique. It contains a water still, a distilled water tank, 
an old acid tank, two diluting tanks, new acid tank, an 
elevated acid distributing tank and a siphon well. The 
location of these tanks is shown in Fig. 3. The distilled 
water tank is placed about five feet above the floor and 
is fitted with pipe connections so that distilled water can 
be run into the old acid tank or into either diluting tank. 

All of the other tanks have lead pipe outlets in the bot- 
tom and inlets at the top. The outlets are carried down 
into the siphon well where they are fitted with air jet con- 
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nections and the piping is so arranged that it is possible 
to pump from any tank into any other. The acid dump 
tank in the battery-cleaning room is also connected with 
the siphon well so that the old electrolyte can be drawn 
from it and pumped into the old acid tank. Here the old 
electrolyte is tested and reclaimed or discarded. Air jets 
are also used to mix the acid with the water in the diluting 
tanks. The acid distributing tank is placed about ten feet 
above the floor and is connected to the filling spigot at the 
end of the assembling table in the battery-cleaning room. 


Charging Equipment 


9 is located be- 
Power is sup- 


The switchboard room shown in Fig. 
tween the cleaning and charging rooms. 


Fig. 10—One of the New Pullman Batteries. 
Show Construction of Cell 


Side Cut Away to 


set consisting of a 3-phase, 
synchronous motor running 
kw., 100-volt direct current 


plied by a motor generator 
190 hp. 25-cycle, 2 ,200-volt 
at 750 r.p.m. iriving 2.125 
generator. 

One end of the charging panel is shown at the center 
of the illustration. There are 32 connections to the gen- 
erator on this board with 32 carbon pile charging rheo- 
stats and there are 120 charging circuits to the battery 
department besides four yard charging lines. 

The charging lines are distributed through the battery 
department in wooden troughs hung about a foot below 
the ceiling and the ends of the lines are brought out of 
the bottom of the boxes at convenient intervals through 
porcelain bushings. These troughs are about 6 sq. in. in 
cross section and may be seen in Fig. 1. The tops of the 
troughs are covered with sheet lead which overhangs the 
sides like the eaves over the side of a building. This com- 
pletely protects the trough as it has been found that the 
condensations from the acid fumes in the charging room 
will form only on the top and not on the sides or bottom 
of any suspended object. 


New Pullman Battery 


A new type of lead storage battery has been designed 
by the Pullman Company to meet its requirements for 
car lighting service which has a number of features 
worthy of mention. One of the boxes, cut away to show 
the interior of one of the two cells is illustrated i in Fig. 10. 
The cells have 15 plates each with a capacity of 350 am- 
pere hours. Wood separators are used with rubber end 
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and side sheets. The bottom rests are 3 in. high and 
are made of porcelain. The bottom rests in the older type 
of Pullman batteries were 134 in. high and the increased 
sediment space was decided upon to obviate the necessity 
of shipping batteries in from points on the road to the 
repair shops for cleaning. There is a connected load of 
9 amperes on most Pullman cars and this usually means 
from 34 in. to 2 in. of sediment between shopping periods, 
depending upon the class of service the car has been in. 
It is expected that the new batteries will never have to 
be cleaned between shopping periods. The acid space over 
the top of the plates has been increased 34 in. 

The increased acid and sediment spaces necessitate a 
higher crate and this in turn calls for a higher battery box 
under the car. Ali new battery boxes will be built in two 
sections, one under each side of the car with an inside 
height of 24% in. In this way the weight under the car 
will be evenly distributed. .The old boxes had an inside 
height of 205g in. Half of the battery will be contained 
in each battery box. 

All open crates will gradually. Be. displaced i “ltt 
crates and the crates for the new batteries are made of 
yellow pine with dovetailed and glued corners, and are 
fitted with porcelain skids, brass screws also being used 
for added protection. There is a one-inch space between 
the two lead linings in each crate to protect against pos- 
sible short circuit between tanks. -The crates are. im- 
pregnated with paraffin. This is accomplished by im-. 
mersing them in melted paraffin at a temperature of about. 

225 deg. F. for from 30 to 45 minutes and then placing. 
them in another paraffin bath at a temperature of 135 deg. 
I’. for from 5 to 10 minutes. 

Parts of one of the lead linings and the forms used in 
assembling these parts are shown in Fig. 11.° The lining’ 
is made of a sheet of 5-pound lead. This.lead, which is 
about 3 inches longer than the form, is bent around the 


Fig. 11—Parts of One of the Lead Linings and the Forms Used in 
Assembling Them 


sheet iron form shown at the left, and the side seam 
closed with the gas flame lead burner. Two of the plate- 
rest retainers, one of which is shown leaning against the 
form, are then placed in the slots at the top ‘of the form. 
Then the corners, which extend above the form, are V’d 
out with a pair of shears, the sides which extend above 
the form are bent down, the small rectangular piece of 
sheet lead placed on top of the form in the center and all 
of the seams filled by the lead burner. The operation of 
closing the bottom seams secures the plate-rest retainers 
in position. The last operation is to place the crown, 
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shown at the rear over the smaller form shown in the 
center. With the crown in place and the tank down over 
the form until it bears against the crown, the two are 
burned together. The depth of the slot in the crown is 
one inch. The crown slot on the battery shown in Fig. 
10 is less than one inch and is not standard. 

The covers are made of antimonial lead and have a lip 
ou the outer edge which extends down into the slot of the 
crown on the lining. The groove in the crown is filled 
with an asphaltum or bitumen compound which is always 
plastic and has a melting temperature of not more than 
150 deg. F. This makes it possible for the plates to grow 
enough, to lift the cover without breaking the cover seal 
and the seal will not be broken by vibration or rough 
handling. The terminals are insulated from the cover by 
soft rubber bushings and there is an unusually large round 
vent hole with a loose flanged lead cover. There is an 
inner and an outer flange on the vent hole cover, the inner 
flange extending well down into the hole. The hole is 
tapered and has a diameter of 3% in. at the top and 25% 
in. at the bottom. The purpose of the large hole is to 
facilitate flushing and inspection. 

Before the lead lining is. placed in the crate it is 
painted. Then it is placed on a form, the crate partly 
filled with hot compound and the lining pushed down to 
the bottom, enough compound having been used so that 
it will overflow on all sides. A piece of roofing paper is 
put in the bottom of the crate under the lead lining to 
keep the lining from coming into actual contact with the 
wood. The space between the crown and the top of the 
wood crate is filled with compound having a melting tem- 
perature-or 225, deo. 


New 60-Ton Electric Locomotive for 
Tidewater Southern 


HE Tidewater Southern, a subsidiary of the Western 

Pacific, has recently placed in operation a 60-ton elec- 
tric locomotive which embodies several interesting fea- 
tures. The present electrified section of the Tidewater 
Southern is arranged for 1,200-volt operation that will be 
changed over to 1,500 volts in the near future. The new 
locomotive was designed for operation at the higher 
voltage in view of the contemplated change in potential 
and will be used for handling the increased interurban 
freight traffic in the San Joaquin Valley, between Stock- 
ton and Thurlock, California. 

The locomotive is 37 ft. 4 in. long ; 9 ft. 7 in. wide, with 
a total wheelbase of 25 ft. 5 in. All of its weight is 
carried on the driving axles. The cab has the sloping end 
steeple type of construction, extending practically the 
whole length of the underframe, which consists of four 
steel channels extending the entire length of the platform. 
The bolsters are built up of 1 in. steel plates, 10 in. in 
width, riveted to all four longitudinal sills. 

The drawhead casings are bolted to the center sills, 
which are in turn riveted to the end frame. The draft 
gear consists of MCB couplers with 5 in. by 7 in. shank, 
standard twin springs and follower plates. The whole 
platform is floored, and the structural steel frame is 
stiffened by brace plates and a steel floor which extends 
the width and length of the locomotive. 

The side frames of the two four-wheel trucks are built 
of heavy rolled bars for the top and bottom member with 


RAILWAY ELECTRICAL “ENGINEER 


Vol. 12; Now@ 


cast steel pedestals. The bolster or center transom is 
bolted rigidly to the side frames, and the entire weight of 
the truck, as well as that of the superstructure, is carried 
by semi-elliptic springs hung by links to the double side 
equalizer bars, which rest on the journal boxes. Tag 
journals are of standard design with MCB bearings and 
wedges. The wheels are of solid rolled steel, 36 in. in 
diameter, with MCB treads and flanges. 

The locomotive is driven by four 750/1,500-volt, box 
frame, forced ventilated railway motors through a single 
reduction gear of 69.17 ratio. The motors are arranged 
for shunted field operation, which gives a continuous rat- 
ing on 1,500 volts of 14,500 Ib. continuous tractive effort 
at 22 miles an hour. It will operate at reduced speed on 
600 volts. The type M single unit control is used with 
two master controllers giving ten steps with four motors 
in series and seven steps with two in series. The motors 
are permanently connected in groups of two in series. 

The motor rheostats, and various parts of the control 
equipment, are housed under the sloping ends of the cab. 


Electric Freight Locomotive Designed to Operate from 
1500-Volt Trolley 


Current is collected by two pole trolleys which will oper- 
ate through a range of from 14 ft. to 22 ft. above the 
cail. There is a main switch with a magnetic blowout for 
opening the main circuit in emergency, or for inspection, 
and a number of auxiliary switches for the control of 
headlights, cablights, dynamotor blower set, compressor 
and compressor relay, control circuits, heaters, field shunt- 
ing and control transfer. Headlights, as well as cablights, 
control and compressor relay, are operated from the dyna- 
motor, except when the locomotive is being run on 600 
volts, when they are operated from the trolley. There 
are two air compressors with a combined piston displace- 
ment of 70 cu. ft. per minute when delivering air at 100 
Ib. per sq. in. pressure. Air is used for sanders, bell 
ringer, and control, in addition to the air brakes. 


The new grade crossing law of Michigan requires 
that signs at least 24-in. in diameter shall be placed 500 
to 600 ft. from every crossing, the State Highway Depart 
ment furnishing the signs. The law further requires that - 
all crossings shall be smooth and even and 16 ft. wide for 
a distance of 25 ft. on each side of the crossing. 


Principles of Car Lighting By Electricity 


A Course of Practical Lessons Explaining the Main Details 


of This Important Application 


By Charles W. T. Stuart 


XIV. E.S. B. Car Lighting Equipment 


HE E. S. B. Car Lighting Equipment consists of 

a generator, driven by a belt- from the car axle, 

a generator regulator panel, which is mounted 
in a suitable cabinet inside of the car, and a storage 
battery. which is suspended in a box under the car 
body. 

The fundamental principle of the E. S. B. axle sys- 
tem is constant voltage, that is, the voltage of the 
dynamo is held constant at a point just above the 
floating voltage of the battery. The dynamo, there- 
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Fig. 1—Generator Regulator Panel 

fore, controls the voltage maintained at the battery 
terminals instead of .the battery determining the 
dynamo voltage as in other types of axle equipments. 
It is also interesting to note that this equipment does 
not include a lamp regulator, and that the movable 
parts ‘are confined to the automatic switch on the 
regulator panel’ and the armature within the gener- 
ator. 

“The lamp regulator is eliminated by using 32-volt 
lamps, 15 cells of battery, and maintaining a voltage 
of approximately 33.5 volts at the switchboard. 

The voltage at the lamps, is, therefore, so nearly 
normal that no further regulation is required. 


Generator 


The generator, Figs. 2 and 4, consists of the fol- 
lowing parts:—magnet frame, bearing brackets, pole 
shoes, field coils, armature and commutator, brush 


holders and brushes, cover bell and four terminals. 
Note that the generator is constructed to obviate the 
necessity of dismantling the machine in order to re- 
new any of the leads from the generator to the junc- 
tion box on the car body. 

The magnet frame is a solid casting of high grade 
magnetic steel with two internally projecting cylin- 
drical pole cores. For the truck type machine, four 
feet are cast on the frame, which are solidly clamped 
to the suspension loop bars by means of two clamp 
bars. The body type machines are provided with two 
suspension lugs cast on the frame at the top and bored 
to receive a tubular steel bearing bushing through which 
passes a 134 in. steel bar supported from the suspension 
carriage. Lubrication is provided by a grease cup 
mounted on the bushing, with suitable grease reservoir. 

The bearing brackets on either end are substantial cast- 
ings, that at the commutator end comprising four arms for 
supporting the ball bearing housing, between which ample 
spaces afford easy access to the brushes. 

The pole shoes are of laminated iron riveted together 
and held in position by bolts passing through the pole 
cores. End laminations are spot welded for rigidity. 

The field coils are solid impregnated and protected by 
heavy duck washers, while a steel spring plate between 
the coil and the frame prevents any motion or loosening 
and consequently chafing. 

The armature and commutator are assembled on a sep- 
arate quill. The armature is a bipolar wound on a core 
formed of special non-aging high grade laminations, the 
outer ones ‘spot welded. The coils, Fig. 6, are form 
wound, accurately shaped, and the leads securely sweated 
into the short solid risers of the commutator bars. 

Commutator bars are of hard drawn copper, separated 
by best quality mica, undercut with rounded edges after 
assembly. : 

The brush holder yoke is in the form of a ring clamped 
over the ball bearing housing and the complete brush 
rigging with brush holders in place can be slipped off 
after disconnecting leads and loosening the clamp bolt 
and set screw without dismantling any other part of the 
machine. See Fig. 3. 

The. brush holders are simple in construction, permit- 
ting easy inspection, and are designed to maintain strictly 
radial pressure on the brush with no tendency to rock 
and produce a different contact surface for each direction 
of rotation. 

The conductor for connecting the “short circuit” 
brushes is mounted on the brush holder ring, and a suit- 
able fuse is inserted in this conductor. 

A cover bell of pressed steel, held in place by two 
swivel bolts and heavy wing nuts, incloses the commu- 
tator end of the machine. Fig. 3. Four terminals, two 
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main terminals and two field terminals, are brought out generator so that the leads may be brought out from 
through the frame of the machine into a terminal box, either side of the generator. 
where detachable connections are made to the flexible The following table gives the characteristics and prin- 
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Fig. 2—Cross Section of Train Lighting Generator. Body Hung Type Al ae Se 10) 


conductors passing through a suitable outlet in the tightly cipal dimensions and weights of the E. S. B. axle light- 
fitting terminal box cover, adapted for hose connection. ing generators: 


The box is reversible in the case of the body hung en ee. 3 Kw. 
Truck Truck Body 
Type Type Hung 
Continous, capacity enacts 50 amps. 75 amps. 75 amps, 
Overload scapacitysec nsw 65 amps. 100 amps. 100 amps. 
Outside diameter, including feet.... 17 ins. 17 ans; 15% ins, 
Length overall withcut pulley....... 33 5/16 ins. 34% ins, 33% ins. 


Fig. 4—Generator Showing the Supporting Bushing 


Weight total without pulley........490 Ibs. 510 Ibs. 440 Ibs. 

Weight armature without ball bear- 

ie ing... sete tenses oie ene clas ease 155 lbs. 165 lbs. 150 lbs. 
Fig. 3—Type D-3 Generator With Brush Rigging and Cover Bell Tae pred iy pc alan 300 425 475 


Removed Showing Body Hung Suspension Arrangement “Full load” speeduinie ba Meera nas 490 625 650 J : 
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Generator Regulator 


The generator regulator, Fig. 1, consists of a slate 
panel on which are mounted the resistances for the 
Wheatstone bridge control, a test switch, the automatic 
switch and the generator and field fuses. This panel 
measures 15 in. by 18 in. and weighs 75 Ib. 

The resistances for the Wheatstone bridge control con- 


Fig. 5—Truck Type Suspension 


sist of two fixed resistance units, one in each end of the 
two opposite branches of the bridge, and eight iron bal- 
lasts, four in each of the other two branches of the bridge. 

The iron wire “ballast” resistance units consist of iron 
wire filaments enclosed in glass bulbs filled with hydrogen 
mounted on an elongated Edison base. These are secured 
in place in socket plates provided with steel spring locks 
which prevent the ballasts from becoming loose under 
vibration. 

The test switch is a special spring-retained double throw 
type. The automatic switch is of the solenoid type con- 
sisting of a steel frame which supports three coils. With- 
in these coils a cylindrical plunger with conical top is 
free to move vertically with minimum friction. This 
plunger carries below, the moving contact, in the form 
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coil acts on a’ spring-supported.armature to close the cir- 
cuit of the pull-in coil. 

This contactor is enclosed in a ring of high grade 
moulded insulation provided with suitable metallic inserts 
for terminal connections, with cover of same material. 

Two of the terminal studs, one on either side of the 
main fuse, are made extra long to permit connecting an 
ammeter in the generator circuit, the fuse there being 
removed after the instrument is connected. 

Each piece of apparatus on the regulator panel may be 
removed without disturbing the connections and without 
access to the back of the board. Every stud bolt passing 
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Fig. 6—Armature Coil, Insulated. Three turns are Taped Together- 
in One Bundle 


through the board is locked at the back so that it cannot 
turn when nuts are removed or replaced in front. 


Body Suspension 


The E. S. B. Body Hung Type Suspension is so con-. 
structed that belts can be easily applied. The belt tension 
is practically constant throughout the permitted swing of 
the generator on the suspension shaft. Ample provision 
is made for lining up the generator with the car axle. 


Fig. 7—Diagram of Circuits 


of a laminated brush connected by a substantial flexible 
conductor to a terminal stud on the board. The fixed 
contact consists of a copper ring moulded into a support 
of high grade moulded insulation attached to the lower 
side of the switch frame. On top of the automatic switch 
a cylindrical projection of the switch frame surrounded 
by an exciting coil in series with the main switch shunt 


The generator is hung from a cast steel carriage which. 
may be moved longitudinally on its supports by means of 
a hand lever (which has replaced the screw adjustment 
formerly used). Suitable wedges or clamps are attached 
to the carriage for holding it securely in place on the 
hanger. The tension spring, when extended to its maxi- 
mum, has a pull of only about 250 Ib., which is a con-- 
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siderable factor in prolonging belt l.fe. This suspension 
is shown in Figs. 3 and 9, and consisis of a cast steel sus- 
pension carriage, supported on two horizontal bars, A, 
along which it may be moved by means of a hand lever 
toward or away from the truck. The belt tension spring 
is fastened at one end to the frame of the machine and at 
the other end to the suspension carriage. The belt ten- 
sion is therefore applied or released by moving the sus- 
pension carriage away from or towards the truck by 
means of the hand lever. This lever is connected to the 
suspension carriage by a loosely pivoted link, whose ef- 
fective length may be adjusted by reason of a series of 
holes at one end. In this way a quick adjustment may 
be made to provide for any stretch of the belt or for 
shortening when a piece is cut out, and the proper belt 
tension may be maintained. In the running position the 
hand lever is held in position by a spring latch. Further- 
more, the suspension carriage is firmly clamped to the 
horizontal bars by means of two rotary clamps whose 
clamping action may be applied or released by the tap of 
a hammer. The horizontal bars which support the sus- 
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bolted and locked securely on the side bars. It will be 
seen from the above that there are only two wearing parts 
to the suspension and these consist of tubular steel bush- 
ings having large bearing surfaces, which are easily and 
cheaply renewed. A grease cup is mounted on one end 
of each bearing pin by which suitable lubrication is se- 
cured. 


Theory 


The E. 5. B. generator is of the Rosenburg type whose 
main field is produced by a magneto-motive-force devel- 
oped by the armature winding. It is illustrated diagram- 
matically in Fig. 7, and consists of a bipolar armature 
rotating between two heavy pole shoes, each shoe being 
connected securely to the frame of the machine by bolts 
passing through the pole cores. The pole cores are of 
small cross-section compared with the ordinary dynamo. 
Two pairs of brushes bear upon the commutator spaced 
90 degrees apart, one pair being short-circuited, while 
the other pair is connected through the series winding to 
the external circuit. These brushes are designated re- 
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Fig. 8—Showing Type D Diagram of Connections and Type D Switchboard 


pension carriage are clamped at one end to a transverse 
supporting bar by means of vertical clamping bolts, per- 
mitting the dynamo to be properly aligned. 


Truck Suspension 


The E. S. B. Truck Type Suspension, Fig. 5, is the 
original “two-point” suspension designed to maintain per- 
manent belt alignment and insure maximum belt life, and 
has successfully withstood the test of the severest service. 
The feet of the dynamo are rigidly clamped to the loop 
bars, there being no wear at these points. All wear is 
confined to the ample surface of two bearing pins free to 
rock in tubular steel bushings carried by the bearing sad- 
dles. This type suspension is shown in Fig. 5 and it will 
be noted that the dynamo feet are clamped and locked 
solidly to the loop bars so that there is no wear in the 
feet of the machine. The loop bars at either end are 
clamped to the opposite ends of the large bearing pins, the 
pins being free to turn in tubular fei bushings clamped 
in the beating saddle. Each pin provides a Rearing sur- 
face 41% in. fone by 134 in. diameter. The bearing sad- 
dles are adjusted longitudinally on the side bars, which 
project from the truck frame. The bearing saddles are 


spectively “short circuit brushes” and “load brushes.” 

On the pole necks are two field windings, F! and F’. 
The series winding F? is connected between the top load 
brush and the generator terminal. The control field wind- 
ing F* is connected across the Wheatstone bridge W and 
provides the primary field excitation controlling the volt- 
age of the dynamo. 

The magnetic field produced by this primary excitation 
passes across the armature in the direction of the arrow 
P and then through the pole shoes, pole necks and the 
frame of the machine. This magnetic field is, under nor- 
mal conditions, of very small strength, producing a low 
voltage between the short circuit brushes B’. This low 
voltage, however, produces a sufficient flow of current 
through the short circuit between these brushes and 
through the armature winding to develop a considerable 
magneto-motive-force. This latter magneto-motive-force 
produces a magnetic field at right angles to the primary 
field, which passes through the armature and pole shoes 
as shown by the arrows K, but which does not pass 
through the pole cores or frame of the machine. This 
secondary field flux produces the desired voltage across 
the load brushes B?. 


September, 1921 RAILWAY 
_ One of the principal results obtained with the Rosen- 
burg type of machine is the development of the same 
polarity for either direction of rotation without employing 
any pole changer, or any alterations whatever in the cir- 
cuit connections. This is due to the fact that when the 
direction of rotation changes, the voltage generated across 
the short circuit brushes by the primary field is reversed 
and the current flowing between these brushes is, there- 
fore, reversed in direction. This reverses the direction 
of the secondary field AK, which produces the voltage 
across the load brushes B?. It will be seen, therefore, 
‘that when the direction of armature rotation is reversed 
the direction of the main or secondary field excitation is 
also reversed, so that the polarity remains the same. 

The E. S. B. Dynamo is controlled for constant voltage 
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and Y are practically equal. Under these conditions no 
current will flow through the field winding, /?. When 
the voltage is lower than 33%, the resistance of Y is less 
than the resistance of X, and Y will therefore carry more 
current than X, the excess current flowing through the 
field winding F'. As the voltage of the machine in- 
creases, therefore, the field excitation becomes smaller and 
smaller, approaching zero as the voltage approaches 3314 
volts. At high speed the current in the field is actually re- 
versed in order to partly counteract the residual magnetism 
in the pole necks and the frame of the machine. In series 
with the Wheatstone bridge is a fixed resistance A which 
is normally short-circuited by a copper rod H clamped be- 
tween two binding posts. This is the normal position of 
the rod H. When this short circuit is opened by sliding 
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Fig. 9—Body Hung Suspension 


rather than constant current, the voltage being held at 
approximately 3344 volts when used with 15-cell equip- 
ments. This control is effected by means of a Wheat- 
‘stone bridge WV”, connected across the machine terminals at 
two opposite junction points of the bridge, while the other 
two opposite points are connected to the field terminals. 

‘The Wheatstone bridge consists of two fixed resistances, 
|XX, and two wire “ballast” resistances, YY. The iron wire 
“Dallast” resistances have the pate tence of increasing 
their resistance rapidly with very small increments of 
current when operating at a dull red heat. The design of 
‘this bridge (for 15-cell equipments) is such that when 
‘the machine voltage is 331% volts the resistances of X 


the rod H out of contact with one of the binding posts, 
the drop in the resistance R lowers the voltage applied 
across the Wheatstone bridge, and in order to restore the 
latter to its normal balanced value, the voltage of the ma- 
chine will be increased by an amount equal to the drop 
in the resistance R. The principle use of this device is 
to restore the voltage to normal in case of an open circuit 
in one of the bridge ballasts, if a renewal ballast is not 
immediately available. 

Fig. 11 shows the constant voltage characteristics of 
the dynamo when operating with the E. S. B. Wheatstone 
bridge control at various speeds. Two curves are given, 
one corresponding to no load, and the other correspond- 
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ing to full load on the machine, the latter showing a 
higher voltage to compensate for line drop. 

The E. S. B. dynamo is so designed as to protect itself 
automatically against excessive overloads. This result is 
accomplished by designing the machine to take advantage 
of saturation in the pole necks due to leakage flux, caused 
by the opposing effects of the series field and the arma- 
ture reaction, and is inherent in the design of the machine 
and not dependent upon any automatic regulating devices. 
This characteristic is independent of speed and is shown 
on the characteristic curve, Fig. 12, which gives the volt- 
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Fig. 10—Constant Tension Brush Holder 


age of the machine at various loads. It will be seen that 
the machine is slightly over-compounded to take care of 
drop in wiring up to approximately full load, at which 
point the voltage begins to drop with further increase of 
load. The result of this dynamo characteristic in its ef- 
fect on the charging current into the battery is shown in 
Fig. 13, in which two curves are given, curve 4 showing 
the charging current which would be put into a partly 
discharged battery if strictly constant voltage were main- 
tained at its terminals, while curve B shows the input 
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Control Panel 


The dynamo control panel is shown in Fig. 1, while in 
Fig. 8 will be found the diagram of connections at the 
left and the actual switchboard: connections at the right. 
On the panel are mounted the resistances for the Wheat- 
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Fig. 12—Voltage at Various Loads 


stone bridge control consisting of two fixed resistance 
units, one in each of two opposite branches of the bridge, 
and eight iron wire ballasts, four in each of the other two 
branches of the bridge; also a special spring retained 
double throw test switch which normally connects the 
positive generator terminal to the positive junction point 
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Fig. 11—Constant Voltage Characteristics 


from E. S, B. dynamo designed to protect itself against 
excessive overload, as described above. It should be 
noted that this curve B applies to the 2 kw. machine, 
while the corresponding curve for the 3 kw. machine is 
proportionately higher. 
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Fig. 13—Showing Output at Constant Potential and at Modified 
Constant Potential as Result of Compounding 
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of the bridge and is retained in this position by a small 
helical spring. By pushing the switch handle up against 
the force of the spring, the bridge positive is disconnected 
from the dynamo and connected to the battery positive, 
and since the negative bridge connects the common junc- 
tion between the battery and the dynamo, this arrange- 
ment permits sending a current through the bridge from 
the battery when the car is standing. This current ap- 
plied to the bridge for a few seconds will heat the ballasts 
and fixed resistances, enabling the inspector to determine 
that they are all in operative condition. 
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The automatic switch is provided with three coils wound 
about the plunger portion: the shunt coil, the ‘pull-in” 
coil and the series coil. The shunt coil is not of sufficient 
strength to close the automatic switch at normal voltage, 
but requires the assisting magneto-motive-force furnished 
by the “pull-in” coil. The “pull-in” coil is connected be- 
tween the dynamo positive terminal and the battery posi- 
tive terminal whenever the dynamo voltage exceeds ap- 
proximately 20 volts. The “pull-in” coil circuit is de- 
pendent upon the closing of a contactor which is located 
on the top of the automatic switch. The magnetizing 
coil for the contactor is connected in series with the auto- 
matic switch shunt coil and its excitation therefore is pro- 
portional to the generator voltage. When the circuit of 
the “pull-in” coil is closed by this contactor, its excitation 
opposed the main shunt coil when the dynamo voltage is 
less than that of the battery. When, however, the voltage 
of the dynamo exceeds that of the battery by approxi- 
mately one volt, the current in the “pull-in” coil is in the 
direction to co-operate with the main shunt coil to close 
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matic switch. This resistance is unaffected by change 
of temperature and serves to limit the effect of tempera- 
ture changes on the operation of the switch. 

On the lower part of the panel, at the right, is the 
voltage-raising resistance unit and the rod for short- 
circuiting this is mounted directly beneath the unit. 

The fuse to the left of the automatic switch is con- 
nected in the positive circuit of the generator. It is 
mounted on a removable insulating base provided with 
copper terminals for insertion in the fuse clips. 


Characteristics of the E. S. B. Equipment 


The E. S. B. constant voltage system eliminates ex- 
cessive overcharge and this in turn eliminates excessive 
gassing, see Fiy. 14, when the battery is either partially 
or totally discharged, it is recharged at a rapid rate. This 
rate, however, tapers off as the battery fills up, in such 
manner as to keep just below the gassing point; until, 
when the battery is full, the current input is reduced to a 
low trickling charge sufficient to keep the cells fully 


ie 
SSGHC 00 Jose00 ooo ee Serene cone 

OF — 320 

[label 11 laste. [nis [vevlous Wseabebel | > rT) 
oq Som SoS ees oe een 
sie —eHyz = _ o 
A SSSR Soe 
Ada Be Gee AT eT PET TTT atoF i210 » 
52 |S ESE Ss ec 
=>, UDO SBR DOS S> S822 Ga een eee iy: 
ne eT epee eee ree ela fal wee OE 
“yf PAT er iebet ielalele) a lelstet=t=t1 og uso 9 
BE EES EEE CEES veo 
2 of 7 ee CNT DOMES HMSO gaan: 
y et 4p 4nee N EZ eae aisle 2 
Boe BE ESE e 
iO Van 2a ee NUMMG ESBS TOPE ces 
¥ 20 é& : 
2 RV Ce a SE Cae Seb oe 
x a Z\e —| hm.‘ LF SRE So 60 
< (0420000 DERG EP Bee“ eee ee 
regs ee a8 |e ole alsin le ao eee abel leleialelepeet tt 76 

OCP REE DO EE eee PROS Nae 

1°) \ 2 fo) 4 te) 6 T ro) 2 

TIME IN HOORS 


Fig. 14—Curve Showing How Charging Rate Tapers Off as the Battery Fills Up, in Such a Manner As to Keep Just Below the Gassing 
Point. 


the switch. The closing of the switch is therefore deter- 
mined by the difference in voltage between the dynamo 
and the battery and when the battery voltage is low the 
switch will close sooner than when it is high. 

When the dynamo voltage falls below approximately 20 
volts, the contactor opens the “pull-in” coil circuit, thus 
preventing any flow of current from the battery back 
through this circuit via the dynamo armature when the 
car is standing. Thus, when standing there is absolutely 
no current taken from the battery other than that re- 
quired for the lighting system. 

The difference of voltage required to close the auto- 
matic switch is so small that not the slightest flicker can 
be observed in the lights when it closes; since the main 
coil acting alone is not sufficient to hold the switch closed, 
it will open with no appreciable reversal of current, and 
therefore without contact arcing and without flickering of 
the lights as the dynamo drops in speed. 

On the lower part of the panel, at the left, is a fixed 
resistance in series with the shunt winding of the auto- 


charged, but insufficient to injure the plates even if main- 
tained indefinitely. 

By referring to Fig. 14 note that it took but 6%4 hours 
to restore the 300 ampere hours taken out of the battery 
before charging began. This was without gassing the 
battery and hence at a high rate of efficiency. At the 
same time it should be noted that during the first two 
hours the battery received 140 ampere hours charge at a 
time when it was most needed, in order to get the battery 
in operative condition as quickly as possible. This fea- 
ture, namely, a high charging rate after any discharge 
and regardless of the state of charge, is what makes the 
equipment so efficient on short suburban runs. 

Note how, after the second hour, the specific gravity 
and ampere hour curve closely paralleled each other and 
that the charging rate of the battery decreases as these 
curves rise. 

The generator temperature curve reaches its maximum 
after three hours’ continuous running. This maximum 
would, of course, be considerably less under intermittent 
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operation, such as is experienced on a train. It Zives a 
good idea of the conservative rating of the generator and 
shows its ability to take care of any extra load, such as 


lamps, that might have been turned on at any period 
of the charging. 


The graphic charts, Fig. 15, show a characteristic of 
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been partially discharged. The graphic charts, Fig. 15, 
shows the advantage of constant potential charging in 
car lighting service, especially in a service involving fre- 
quent stops. 

This equipment does not require a pole changer as the 
dynamo builds up with the same polarity for either direc- 


(A) At the beginning or right hand end of the curve the start is made with a full battery (lamp 27 amp. plus battery 3 amp.), total generator output 


immediately tapering down. b 
longer period than at al after the two minute stop. 


(D) Shows a continuous run with a 27 amp. lamp load, after a thirty-minute stop had discharged 13.5 amp. hour. 


constant potential charging that is worthy of note. No 
doubt many storage battery operators now realize how 
rapidly and efficiently, and with what beneficial results 
storage batteries may be charged with constant voltage 
methods and are familiar with the general characteristics 
of such a charge starting with a fully discharged battery, 
but few men are informed regarding the results obtained 
with such charges considering batteries which have only 


(C) Shows 


It will be observed that the current taken out of the battery at the two minute stop is quickly restored through the high 
The same is noticeable after the ten-minute stop at ft, 


Note the difference between g! and a! one 


Note that current taken out was put 


Fig. 15—Graphic Charts Showing Characteristics of 


tion of rotation, without any external change of con- 
nection. ) ; 

Another characteristic is that no sneak current is taken 
from the battery when the equipment is standing with 
lights turned off, since every circuit on the control panel 
and dynamo is automatically disconnected from the bat- 
tery when the car stops. 23" a 


Another feature is that, should the polarity of the bat- 


* 
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tery or dynamo be accidentally reversed.. the equipment 
will automatically correct itself.- For example, when the 


automatic switch closes, the polarity of the dynamo, if 
wrong, will be automatically reversed to correspond to 
that of the battery, without damage or blowing the fuses. 
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30 amp. Then after a two minutes’ stop and discharge at 27 amps. 
output. 
_ and two minute stops, respectively, where the former area is about 


for three hours before the start at 


back in approximately two-thirds the time. 
Constant Potential Charging in Car Lighting Service 


_ The overcharge capacity of the dynamo is available for 
at least two hours for rapidly charging an empty battery 

without danger of overheating the machine since the con- 

stant voltage control automatically reduces the charging 

_ current as the battery fills up. 

Fi Excessive overload is prevented by the design of the 


_ pole cores which become saturated and reduce the voltage 
before a dangerous output is reached. This is true at all 
_ speeds. 


6 
: 
/ 


This last named characteristic is an important 
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one since it will keep down the cost of armature repairs. 
The automatic’ switch closes when the voltage of. the 
dynamo is slightly above that of the battery and opens 
when the current from the dynamo drops to zero. Then 
there is absolutely no flickering of the lights, when the 


ut c (54 amp. min.) the output rises to 82 amps. (lamps 27 plus batt 
The full battery condition then continues to the next five minute stop, after which it will be Loser tha Dpannte ae ee 


half of the latter. 


t the high output ae! is retained for a 


switch opens and closes, and no burning of switch con- 
tacts. 

No adjustments of any kind are required with the 
I. S. B. system and no means of adjustment are provided. 
The equipment automatically adapts itself to all the vary- 
ing conditions of service, such as changes of schedule, 
different hours of lighting in winter and summer, express 
train and local train service, branch line service, change of 
lampload, etc. 


Electrification May Interfere With Communication 


Tests in Switzerland Show Methods to Overcome Inductive Interference 
of High Voltage on the Telegraph, Telephone and Signal Circuits 


By H. W. Schuler 


Electrical Engineer, Swiss Federal Railways 


trification of the Berne-Muensingen-Thun line 
of the Swiss Federal Railways, was so con- 
structed as to permit extensive tests to determine the 
effects of the 15,000-volt propulsion on the low ten- 
sion telegraph, telephone and signal circuits. The 
electrified section on which these tests were con- 


Ape overhead catenary contact circuit on the elec- 


Fig. 1—Catenary Construction in Tangent on the Berne-Thun Line 


ducted is about 20 miles long and employs a 15,000- 
volt single phase, 15-cycle contact line. 

It was the purpose of these tests to determine con- 
clusively whether the system of feeding the sections 
from both ends would neutralize the inductive inter- 
ference on the telegraph circuits. It should be stated 
here that all such systems, as feeding from both ends, 
booster transformers and three wire systems, used to 
reduce this interference also reduce the reliability of 
the contact line and at the same time will not permit 
the use of grounded telegraph or telephone circuits. 


Systems Used to Reduce Interference 


The three-wire system reduces the voltage induced 
in the low tension telephone, telegraph and signal cir- 
cuits along the railway, because the electromotive 
force induced by the current flowing in the contact 
line is compensated by the counter electromotive force 
induced by the current flowing in the transmission line 
and because the e.m.f. induced by the voltage of the 
contact line is compensated by the e.m.f. induced by 
the voltage of the transmission line, which is, at each 
moment opposite to that of the contact line. 

The booster transformers reduce the voltage in- 
duced in the low tension lines because they bring the 
current flowing in the earth into the rails or in case 
of an insulated return line being installed, to this re- 
turn line. Thus the e.m.f. induced by the trolley cur- 


*The electrified section of the St. Gotthard Line was described on page 
221 of the June issue of the Railway Electrical Engineer. 


rent is mostly compensated by the e.m.f. induced by the 
current that is forced to flow in the rails or in the in- 
sulated return respectively. 

In a system where the sections are fed from both 
ends the e.m.f. induced in the communication lines 
paralleling an entire section by the current flowing 
from one end is compensated by the e.m.f. induced by 
the current flowing into the section from the other — 
end. 


Description of the Circuits 


The energy for the electric traction on the lines 
Berne - Muensingen- Thun, Berne- Belp- Thun and 
Berne-Schwarzenburg is transmitted from the power 
station at Spiez to the substation at Thun by a feeder 
line that consists of two aluminum strands of 82 mm* 
each. The contact lines are fed through “main oil 
circuit breakers” mounted in the Thun substation. 


Fig. 2—Showing the Air Sectionalizing at the Ends of Stations and 
Arrangement to Keep the Contact Wire Tension Constant 


These breakers will open automatically at overload 
and at short-circuits. 

The contact line of the double track line consists 
of a hard drawn copper trolley wire of a 107 mm* 
(No. 0000) cross section, and of an iron strand of 85 
mm? cross section. The lines that go from the air 
sectionalizing at the station ends to the switching 
towers are of aluminum strand of 100 mm? cross 
section. 

The transmission line consists of two aluminum 
strands of 100 mm? cross section strung on either side 
of the railway line. The return line, insulated for about 
1,000 volts, consists of two copper wires of 28.5 mm* 
cross section each. At each station this return line 
can be connected to the secondary winding of a 
booster transtormer. 
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The rails have a cross section of 58.5 cm?. The 
joints of the inner rails are bridged by copper bonds 
that have a cross section of 50 mm?. 

In the substation the tension of + 15,000 volts is 
transformed to — 15,000 volts by the auto-trans- 
formers. One terminal is connected to the contact 
line, the other to the transmission line. The middle 
point of the winding is connected to the rails. The 
three-wire system thus formed is, of course, unevenly 
loaded as there is only a load on the contact line side. 


Arrangement of 
contact lines, (f;&f;) 
transimssfop lines (Uy & Up) 
andinstilated return line (8) 
In tangent. 
7.700 


Fig. 3—Diagram Showing Relative Position of the Various 
Electrical Conductors 


To balance the system auto-transformers are in- 
stalled at Kiesen, Rubigen and Ostermundigen. 

The sectionalizing of the line is made in such a man- 
ner that the contact line of each track between two 
stations and the contact lines of a station as a whole 
are connected to a busbar in each station, from which 
they can be disconnected by line circuit breakers. This 
sectionalizing system permits the cutting out of 
either of the two contact and transmission line wires 
between two stations or the contact lines of a station 
without interfering with the service on the rest of the 
line. 


The Transformers 


The auto-transformers have a continuous output of 
2,000 kva. and may be overloaded with 50 per cent of 
the normal output for 10 minutes. The booster trans- 
formers have a continuous output of 7 kva. calculated 
on a primary current of 100 amperes. The maximum 
current which the transformers will be able to carry 
without reaching the saturation point of the iron is 
600 amperes. The winding is made of aluminum, the 
magnetic circuit contains a 10 mm air-gap. The cal- 
culation of the boosters was based on an insulated re- 
turn line consisting of two aluminum strands of a 
100 mm? each. After the construction work was 
Started it was decided to use these two strands as a 
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transmission line. So a special return line consisting 
of two copper wires was strung. 


Low Tension Telegraph, Telephone and Signal Lines 


Previous to the electrification, the telegraph and 
telephone lines of the state and those of the railways 
were mounted on the right-of-way. During the elec- 
trification the state lines were transferred to about 800 
meters from the railway line and built partly as a 
cable line (Berne to Rubigen) and partly as an aerial 
line (Rubigen to Thun). All circuits were insulated 
from the ground. The telephone and the telegraph 
loops were transposed at frequent intervals, the 
ground connections of the adjoining lines were trans- 
ferred to distant points. 

The low tension lines belonging to the railway, con- 
sisting of telephone, telegraph and signal wires, were 
left in place. The earth as a return path was elimi- 
nated, all loops were insulated from the ground and 
transposed at least every 500 meters. This loop was 


Fig. 4—Booster Transformer of 7 Kva. Continuous Output 


grounded in Thun by means of an Ericsson coil which 
did not interfere with the use of the telephone. A 
milliammeter was inserted in the ground wire. 

The position of the test wire relative to the track 
varies in some places, the track lies in a cut in other 
places on a fill, while the telegraph line in these places 
is placed on the slope and in stations or near high- 
way-bridges the telegraph pole line leaves the right- 
of-way and follows the best suited route. The mean 
horizontal distance from the trolley wire of the track 
igre meters: 
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The Tests with the Three-Wire System 


Beside the principle purpose already mentioned the 
tests with the three-wire system were also intended 
to find out the efficiency as to the transmission of 
energy as compared with the normal two-wire sys- 
tem: as to the interval in which auto-transformers 
should be placed and the importance of the line impedance 
and the transformer impedance for the repartition of the 
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Fig. 5—Chart Showing Relative Percentage of Current in Contact 
Line and in Transmission Line During Certain Tests 


total current to the contact and the transmission line. 
' Tests were made. 

(1) With four auto-transformers, contact line short- 
circuited at Ostermundigen, with and without boost- 
ers in series with the insulated return line. 
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Fig. 6—Results of Tests Made With Contact Line Short Circuited 
Alternately at Different Points of the Line. Three-Wire Dynamic 
Induction. 


(2) With four auto-transformers, contact line short- 


circuited alternatively at four different points of the 
line. 
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(3) With two auto-transformers, contact line short- 
circuited alternatively at four different points of the 
line. 

In all these tests the contact line was connected 
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Fig. 7—Voltages Induced By the Tension of the Contact Line and 
of the Transmission Line Respectively. Static Induction. 


to the rail at the “short-circuit point,’ the generator 
in the Spiez power-house being so excited that it 
generated a current of 100 amperes. 

From the tests the following results were obtained: 
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Fig. 8—Calculated Values of Static Induction in Low Tension Wire 


(A) Inductive Interference from the Current 
(Dynamic Induction) 


The three-wire system with the direct connection 
disturbs the service on the telegraph and telephone 
lines to such a great extent that a reliable service is 
not possible. The impedance of the auto-transformers 
is so much greater than that of the contact line that_ 
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only 20 per cent of the total energy is transmitted 
over the transmission line (see test No. 1 in Fig. 5). 
On account of this uneven distribution of the cur- 
rent the percentage of current flowing through earth 
and rail is high. So the insertion of the boosters 
greatly diminishes the voltages in the telegraph and 
telephone lines (see test No. 24 in Fig. 5). 

The three wire system with the indirect connection 


shows a very good repartition of the current in con-- 


tact and transmission line, which results in a very 
low induced voltage (see test No. 8 in Fig. 5). The 
insertion of the boosters can not better the situation, 
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Fig. 9—Tabulation of Results from 


on the contrary it makes it worse (see test No. 23 in 
Pig. 5). 

The principal results are put together in the fol- 
‘lowing table: 
Volts/100 Volts/100 Impedance 


System Test No. Amp. Ampkm Ohm/km 
Direct connection without bocsters... 1 62.0 2.44 0.124 
Direct connection with boosters...... 24 23.8 0.94 0.374 
Indirect connection without boosters.. 8 Die 0.20 0.190 
Indirect connection with boosters.... 23 69.0 Baie, 0.333 


From May, 1919, to December, 1920, the arrange- 
ment according to test 24 was in operation. The 
voltages induced in the telegraph lines were not dis- 
turbing the service. Since December, 1920, the ar- 
rangement according to test No. 8 has been in operation 
and even short-circuits do not disturb the service on the 
low-tension lines, but are audible as a loud crack. How- 
ever, no low-tension apparatus has been damaged and 
no fuses blown. 
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The results of the tests made with 4 and 2 auto- 
transformers and with the contact line short-circuited 
alternatively at different points of the line are shown 
graphically in Fig. 6. Based on the voltage induced 
in the telegraph lines by the contact lines of a double 
track line without auto-transformers, boosters or 
anything of the kind, the percentages of the diminu- 
ation of the disturbances by using a three-wire sys- 
tem are shown in the curves A and B. Curves A' and 
B* show the induced voltages in volts per 100 amp. 
They can be directly compared with the curve A. The 
curves C, D, C* and D? give the respective results ob- 


length of test line 15,8 miles 


rot groundedin 
Ostermun 


Tests Without Booster Transformers 


tained with two auto-transformers, one in Thun and 
one in Ostermundigen. 


(B) Inductive Interference from the Voltage 
(Static Induction) 


The voltages induced by the tension of the contact 
line and of the transmission line respectively were 
measured on different telegraph and telephone wires 
between Ostermundigen and Thun. Fig. 7 shows some 
of these measurements. The curves in Fig. 8 give 
the calculated voltages induced in a single low-tension 
wire, perfectly insulated, with different distances 
from the wire with the disturbing voltage. The great 
difference between the measured and the calculated 
voltage lies in the fact that only a part of the influ- 
ence current goes to the test wire, while the rest 
goes to the paralleling wires, and that the insulation 
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of the test wire is not and cannot be perfect. The re- 
sults given in Fig. 7 demonstrate that it is possible to 
compensate the voltage induced by the contact line 
tension. The more or less perfect compensation de- 
pends on the tension of the transmission line and on 
its relative position to the contact and the low-tension 
line, telegraph and telephone line. 


(C) Repartition of the Current 


The repartition of the current with and without 
boosters is shown in Fig. 5. 
Some tests made with different values of the ratio: 
cross section of contact line 


cross section of transmission line 

brought forth the fact, as already expected, that the 
influence of the cross section of these conductors is 
not the deciding factor but that the impedance of the 
auto transformers determines this repartition. An 
increase in cross section would not materially lower 
the impedance of the system as the inductive part of 
the resistance plays the more important part than the 
ohmic. 


Impedance of the Three Wire System 


As the impedance of a double track line without 
auto-transformers and transmission line is not more 
than 0.16 ohm per km it will be seen that the im- 
pedance of a three wire system—except the arrange- 
ment with the direct connection without boosters, 
which is financially and practically not desirable is 
always greater than that of a two-wire system. 


Conclusions 


With a three wire system the static and the dynamic 
induction in telegraph and telephone lines paralleling 
the railway can always be reduced to such an extent 
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that the transferring of these lines out of the right- 
of-way of the railway is not necessary. 

As a rule, it is possible to arrange the transmission 
line so that a compensated zone is formed in which all 
the communication circuits may be placed. The re- 
sulting reduced voltage in this zone being less than 
100 volts. If such a position of the transmission line 
cannot be found, the tension of this line has to be 
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Fig. 10—Results from Tests Made With Eight Booster Transformers 
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chosen above or below the tension of the contact line, 
which means, of course, involve the design of auto 
transformers having a ratio that 1s somewhat different 
from 1:1. 

A reduction of the dynamic induction to such an 
extent that the service on the telegraph lines is not 
disturbed is possible only with a three wire system 
having the contact line fed through the auto-trans- 
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Tests with % booster transformers 


iG as 1solated 
return line 


“4th as solated 
return line 


& as tsolated 
return line 


voltage 


Impedence 


Impedance 
SImpedonce 


Current 
inthe 


Qsposition of wires 
looking from Berne Thun 


return line 


0,289) of a a 700 |o247 


ee lela 


Fig. 11—Tabulation of Results From Tests Made With Four 
Booster Transformers 
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formers. For lines with a character similar to that of 
the Berne-Thun line intervals of 25 km between two 
auto-transformers are admissible. The division of 
the current between contact line and transmission 
line needs not to be strictly 1:1 as the influence of 
these currents on the communication lines vary with 
the logarithm of the distance. 

A three wire system has a rather high line-im- 
pedance, it thus diminishes one of the advantages of 
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the single phase system which lies in the fact that 
the substations can be situated at great intervals. It 
further complicates the arrangement and the section- 
alizing of the contact line. Therefore its application 
depends entirely on the solution of the financial prob- 
lem, whether or not its installment will be less ex- 
pensive than the transferring or the putting into 
cables the communication and signal circuits. 
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The Tests With the Booster Transformers 


In most of these tests the two conductors of the 
transmission line were used as an insulated return 
line. This made it possible to determine the influence 
of the position of the return line relative to the con- 
tact line and the telegraph and telephone circuits. 
All tests were made with the ratio of the boosters 
being 1 :0.984; because the results of the tests showed 
the efficiency and the influence of the boosters. All 
these tests could only be made during the night from 
11 to 4 o’clock. A part of the test was made with a 
shunt across the primary winding of the boosters. The 
ohmic resistance of this shunt was 8.8 ohms. In nor- 
mal service these shunts proved to be too weak to 
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Fig. 12—Diagrams for the Tests With Boosters 


withstand the short circuit current, they melted and 
had to be put out of service, so the greater part of the 
tests were made without these shunts. 

The current in the rails was measured in only a few 
tests for on the greater part of the line the rails are 
fastened to iron ties with the joints resting on double 
ties. As the roadbed at the time of the tests con- 
sisted mostly of gravel mixed with sand and earth, 
much of the rail current went through the earth. 


Dynamic Induction 


The principal results of the tests are put together 
in the tables I, II and III (Figs. 9, 10 and 11), while 
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the wiring diagrams are given in Fig. 12. The tests 
with the insulated return line parallel to the rail with- 
out boosters, show that the influence of such a return 
line alone is by far insufficient to reduce substantially 
the voltage induced in the wires by the current in the 
contact line. 

The tests with 8 boosters having the secondary 
winding in series with the rails, showed that by this 
arrangement the resulting induced voltage is not 
small enough to permit a good service on the low 
tension lines. The reason for this fact is that the 
interval between two boosters is too great, the poten- 
tial difference between track and ground can only 
reach a small value on account of the above mentioned 
roadbed condition, so the current is boosted only near 
the points where boosters are installed while in be- 
tween it leaves the track as if there were no boosters 
at all. Tests made on the New Canaan Branch of the 
Ney oeNh Eleear He RoR. andson thesSwedish State 
Railways showed that a distance of about a mile is the 
limit for the spacing of boosters that have their 
secondary winding in series with the rails. 

A few tests have been made with 4 boosters, the 
results are interesting but not entirely reliable as the 
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Fig. 13—Possible Arrangements for Three Wire System 


boosters worked on sections of twice the normal 
length. 
(B) Static Induction 


With boosters only the dynamic induction can be 
reduced. When the low-tension lines are less than 30 
meters away from the railway the installment of a 
“counter voltage wire” is necessary. 

Boosters in connection with insulated return lines 
raise the impedance of a line very considerably. The 
increase may reach 100 per cent of the value, which 
holds good for a double track line without boosters. 

With boosters spaced about 4 km apart in connec- 
tion with an insulated return line, the voltage induced 
by the contact line current can be reduced to such an 
extent that an undisturbed, reliable service on the 
communication lines is possible. 

The reduction of the induced voltage depends in a 
high degree on the relative position of contact line, 
communication lines and insulated return line. To 
compensate the static induction a counter voltage wire 
must be installed whenever the low-tension lines are 
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less than 30 meters away from the contact line. 

The results obtained were not considered to be so 
perfect as to justify the installation of the tested sys- 
tem on the proposed St. Gotthard line. Although the 
results of the tests are favorable for the compensa- 
tion of the inductive interference, they are not of a 
nature to promote the efficiency of the electric trac- 
tion. The efficiency of the railway system would be 
reduced, the reliability of the system as a whole 
diminished and the maintenance more difficult. 

It had already been decided before these tests had 
been made to sectionalize the St. Gotthard line in such 
a manner, that the sections between the substations 
could be fed from both ends, the line being continuous 
between two substations. 

In a telegraph wire paralleling such a section fed 
trom both ends on its entire length the voltage in- 
duced by the current flowing from one end to a cer- 
tain point is compensated by the voltage induced by 
the current flowing from the other end to that point. 
Of course this compensation is not complete because, 
as a rule, the communication line has not at a con- 
stant distance from the contact wire and the voltage 
at the two feeding points is not just the same on ac- 
count of the voltage drop in the transmission line. 

Furthermore, on the St. Gotthard line the telegraph, 
telephone and signal lines could not be left as they 
were for the circuits had to be completed by insulated 
return wires. On the greater part of the line the 
poles stood on the right-of-way just where the poles 
for the support of the contact line were to be placed. 
Therefore, as the telegraph wires had to be removed, 
it was decided to place them into cables along the 
track thus diminishing the static induction. The 
means adopted for minimizing inductive interference 
have produced results that are entirely satisfactory. 
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Photo by Keystone View Company, Meadville, Pa. 


On the La Guaira & Caracas Railroad of Venezuela 
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A New Type Safety Switch 


Tee Super-Safety Electric Company of Chicago has 
recently placed on the market a new type of safety 


switch claimed to be safe in any position off or on, 


and which eliminates the live fuse terminal. The main 
part of the device consists of a molded rectangular 
block of insulating material having semi-circular com- 
partments for each pole. Across the face of this block 
is mounted a square steel shaft on which are attached 
separate movable members on which are mounted the 
contact pieces and the fuses. 

The make and break of this switch is caused by a 
semi-revolution of the shaft which carries the conduct- 
ing and fusing members into or out of the channels 
in the block so that in the “on” position the fuses are 
carried in the channels and the face of the switch is 
an insulated surface. In the “off” position the contacts 
and fuses are lifted out of the connection with any live 
part; thus in either position security against personal 
contact with live members is obtained. 

The plate cover is equipped with holes punched 


Fuses Can Be Tested Through Test Openings Indicated by Arrow 


directly over each line and load member in the base 
beneath, so as to facilitate the testing of the line and 
fuses, and it is claimed that this is the only switch 
having a rating in which this is possible. The case is 
provided with an interlocking device such that the 
switch cannot be operated either to the “on” or “oft” 
position unless the door of the case is closed. For this 
reason it is not necessary to place a lock on the box 
although a slotted catch is provided in which a padlock 
may be used. 

All the mechanism of this switch is mounted on a 
metal cradle which, with the door, can be removed 
from the bottom of the box so that conduits and wires 
can be installed without the interference of the switch 
mechanism. The switch-proper can then be readily 
replaced and connected in. In locations such as round- 
houses where gases would effect sheet metal, cast iron 
cases may be furnished. View is obtained of the opera- 
tion of the switch through a glass in the door. All 
contacts and other members are readily removable from 
the front without the necessity of dismounting the 
entire device, and are as readily replaceable. The 
design of the switch is centered toward one principle 
object—complete security to all persons whether expert 
or inexpert. 
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Holding Device for Repairing Battery Plates 
By R. F. Witcus 


In the February issue of the Railway Electrical Engi- 
neer there appeared a description of a Handy Device for 
Repairing Lead Battery Tanks. The device described 
herein is so designed as to fit on the same base used with 
this repair apparatus. 

Many ways have been developed for repairing battery 
elements and the method here described seems to be the 
best that we have found. We cut off all plates from oid 
battery elements, that is, if the plates look as if they 
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Fig. 1—Details of Holding Clamp 


could be used again. We save the bus bars and weld 
the old plates to them thus making a good element to use 
-for renewals, obtaining in this way better service and 
much cheaper service than by using a new element. 

The construction details of the holding clamp are given 
in Fig. 1. They consist principally of a square bar of 
iron 934 in. long and 2% in. square. This iron bar is 
drilled in the center of one side with a 1% in. hole. On 
one of the other sides of this iron bar a 13/32 in. 
hole is tapped for % in. stud and a stud 3 in. long is run 
in and cut off, as shown in the upper sketch of Fig. 1. 
This stud is held in place by drilling a % in. hole through 
the iron into the stud and driving a % in. rod into the 
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-welding to the connecting straps. 
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hole. On the other side directly opposite a 9/32 in. hole 
is tapped for 3@ in. thumb screw which holds the element 
in place by clamping on the terminal post. Two pieces 
of strap iron % in. thick and 1% in. wide, bent as shown 
in the illustration, serves to hold the plates in position. 
Two arms made of 4 in. iron 34 in. wide and 4% in. 
long are welded to the bar. These are made to extend 
upward and backward and serve to support another strip 
of iron %4 in. by 1 in. by 934 in. long which is welded 
to the suspending arms. When the plates are in position 
for repairing they are placed upside down as shown in 
Fig. 2. In this position the top of the plate rests on the 
extension brackets in the rear of the bar and the corner 
of the plate which connects to the battery strap is in the 
proper position for welding. 

Old plates, which have been salvaged from old elements 


Fig. 2—Sketch Showing Position of Plates in Clamp 


which are practically useless, are collected and placed in 
this holding device and welded to these brackets. Wooden 
separators are laid in between the plates so that they 
will come up square and be in the proper position for 
By attaching this hold- 
ing clamp to the device described in the February issue, 
the workman is able to turn the plate in any desired 
position. If the work is done properly, gravity will cause 
the lead to flow together thus making a perfect weld. Be 
sure that all welding points are clean and hold the flame 
close to the lead thus preventing oxidation. 


A certain traveler, on being asked, when purchasing a 
ticket, if he wished to travel first, second or third class, 
was told there was not much difference except in the fare, 
and decided to travel third class. When the train started 
he noticed that all classes of passengers seemed to be on 
exactly the same basis, and was curious to know where 
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the distinction came in. After several hours of travel 
the train arrived at the foot of a very long hill, and 
stopped. The conductor came down the line and called: 

“First-class passengers stay aboard; second-class pas- 
sengers get out and walk; third-class passengers get out 
and push.”—Journal of Electricity. 


A Car Lighting Man’s Dream’ 


William J. Miller (course the name is fictitious), 

Is a man who was never at all superstitious ; 

But a dream which he had is a direct intimation 

Of his faith in the doctrine of predestination. 

Now the said William Miller, please bear you in mind, 

Is a Car Lighting Foreman, who, like all of his kind, 

Has trials and troubles too many to state— 

And, with this introduction, his dream I'll relate. 

A spirit appeared at his bedside one night, 

Decked out in a garment of pure spotless white, 

And thus addressed Bill: “To me has been given 

Command from the recording Angel in Heaven, 

To ascertain why your name should appear 

On the great Book of Life, as the reason’s not clear, 

The profanity record has been kept for ages, 

And nothing like yours appears on its pages. 

Therefore, ’tis decided, unless you can show 

Just cause for defense, to send you below, 

Where the fire is unquenched, and those who have 

never 

Repented are roasted forever and ever.” 

On hearing the latter Bill tried hard to smile, 

And invited the spirit to tarry a while. 

“If I fail to make my defense in full measure,” 

He said, “lil)be sentenced with ithe createst por 
pleasure. 

Please remain here tomorrow, accompany me 

And report to headquarters whatever you see.” 

The spirit agreed, I am happy to say, 

And took note of what happened the following day. 

First, a conceited young clerk with expression Satanic 

Brought a bundle of letters from the Master 
Mechanic, 

And here are a few extracts I’ll give an example, 

Of a bunch that the spirit took away for a sample. 

“Please note that the Superintendent complains, 

We are having poor lights on our passenger trains.” 

“Please let me know what excuse you can make, 

Why so many adjusting space bars ‘Break.’ ” 

“Lighting failures, last year for the month were but 
seven, 

I regret for the same time this year there’s eleven.” 

“You must take up the matter and ascertain why 

We used so much oil in the month of July.” 

You are surely aware that a half-pint to use 

Of machine oil per car is simply abuse. 

I believe ’twould be wise (at least we can try it), 

To give the men feathers with which to apply it. 

“The President’s special is leaving today 

At 10:25, there must be no delay.” 

But,-alas for the plans of mice and men; 

The telephone rang at a quarter to ten, 

And the station inspector announced with a drawl, 
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“The President's car has no lichts.atealle 

A battery man appeared at the door, 

“There’s seven dead cells in the 864.” 

Then came a road inspector swelled up like a toad, 
You'd think from his looks he would surely explode, 
And asked loud in the name of the evil one: 
“Why hain’t the work on 490 been done?” 

Bill Miller, he then made an angry retort, 

While the spirit examined the inspection report 
Of this road inspector, and this was the news— 
“Renew the switch carbons and test the main fuse, 
The belt is a-slipping, one battery cell leaks, 

The rocker shaft bushing’s so dry that it squeaks. 
The lamps are flickering, clean carbons well, 

The pulley end bearing runs hotter than—it should, 
The tension rod bushings are worn on both sides, 
The axle pulley sounds loose when she rides. 

The solenoid sticks on the upward stroke, 
Examine and see if the plunger ain’t broke. 

Flush the batteries and test them for grounds, 
Shorten the belt and turn it around. 

The machine’s out of line an inch or more, 

And fix the catch on the switch locker door. 

I think from the way she’s been throwing fire, 
That somebody’s set her output higher.” 

Before the good spirit got through taking notes 
From the book containing the work reports, 
From the Chief Engineer came a message which read, 
“The Saint Louis Special’s turbine is dead. 

Have men at the station to meet the train; 

Why you put this one on 41, please explain.” 

Then a batteryman said that when crossing a switch 
They had upset a truckload of cells in the ditch. 
The spirit departed, and on the same night 
Returned with a crown, and in greatest delight 
Presented to Bill’s most astonished vision 

A text of the Recording Angel’s decision, 

And a list of the great hero saints all revealed, 
With William J. Miller’s name leading the field. 
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Answers to Last Month’s Questions 


1. J would like to have explained the difference be- 
tween a reactance coil having an iron core and one with- 
out such core. 

2. If magnetism can not be insulated or screened why 
is it that a brass or copper tube slipped over the tron core 
of an inductor coil cuts down the voltage at the secondary 
terminals —B. R. E. 

* PRE 

1. The difference between a reactance coil having an 
iron core and one without such core is that the inductance 
effect is greatly intensified by inserting an iron core. 
The inductance of a coil without an iron core is. small 
but a constant quantity, while the inductance of a coil 
with an iron core varies with the permeability of the 
iron. The inductance can also be adjusted by inserting 
more or less of the core into the soil. 
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2. The brass tube cuts down the voltage at the sec- 
ondary terminals in the following manner. The brass 
tube is practically an independent secondary coil made 
up of a single turn. Its presence has a reactive influence 
on the primary circuit, which increases the further the 
tube is pushed into the coil, thereby reducing the induced 
voltage in the secondary coil. peel. Vi: 
ee 

1. Any reactance coil exerts a retarding effect upon the 
current in any alternative current circuit in which it is 
placed. The retarding is present whether there be an 
iron core in the coil or not, but the intensity of the 
retardation is greatly increased by the presence of an 
iron core. 

2. In accordance with the laws of electromagnetic in- 
duction the brass or copper tube reacts upon the primary 
coil in such a way as to cut down the voltage at the sec- 
ondary coil terminals. The action may be briefly de- 
scribed as follows: When the brass or copper tube is 
slipped over a part of the iron core it really forms a short 
circuited cylinder of very low resistance. The instant the 
primary circuit is closed the resulting magnetism induces 
in the tube a current, the direction of which is exactly 
opposite to that of the primary current which induced it. 
As a result the net amount of magnetism effective upon 
the secondary turns is the difference between that estab- 
lished by the current in the primary winding and that 
which results from the short circuited induced current in 
the tube. To what extent this action affects the sec- 
ondary voltage depends upon how much of the secondary 
winding is within range of the magnetism resulting from 
the induced current in the short circuited tube. 

Pe Oe: 

In the June issue of the Railway Electrical Engineer 
I was interested in the question of changing the connec- 
tions of a 220 volt, 2 phase, 4 wire, 60 cycle motor to 


550 Volts 
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Fig. 1—Connections for 15-h.p. 60 Cycles Three-Phase Motor 


440 volt operation. I enclose two blueprints showing how 
the leads are brought out to the terminal block on a 
three phase motor, and also on a two phase motor, for 
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the different voltages, without having to take the motor 
apart. In quite a number of places where the voltages 
are different, it is necessary to have a spare motor on 
hand and by bringing the leads to the terminal block the 
changes can be made in a few minutes. : 

All of the sketches shown in Fig. 1 represent the same 
three phase motor, but connected differently. It will be 
seen that this motor may be used on 220 volt circuits, 440 
volt circuits, or 550 volt circuits. In the lower left-hand 
corner of this figure will be seen a sketch which shows 
the leads from the various coils brought out to a terminal 
block on which the different connections may be made for 
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Fig. 2—Two-Phase Motor with Connections for Operating on Either 
220 or 440 Volts 


the various voltages. In the center of each of the other 
three diagrams are shown the various terminal connec- 
tions to be used with the respective voltages. A little 
study of the 220 volt diagram will disclose the fact that 
it is delta connected with two parallel circuits, each cir- 
cuit consisting of three groups of coils. For the 440 
volt operation the winding is likewise delta connected, but 
with double the number of groups of coils in series. For 
the 550 volt operation the connections are changed from 
the delta arrangement to the star connection. All of 
these various connections may be readily made at the ter- 
minal block on the machine and to change from one 
voltage to another is comparatively a simple operation 
and requires but a few moments’ time. 

A similar arrangement is shown for a two phase motor 
in Fig. 2. This motor is wound to be operated either on 
220 volts or 440 volts as desired. The connections at the 
terminals for both voltages are shown in the central part 
of the diagram. As was the case with the three phase 
motor on 220 volt circuits, this motor is also connected 
with two parallel circuits having four groups of coils in 
each circuit for 220 volt operation. For 440 volt op- 
eration, double the number of coils is connected in series 
between the terminals of the machine. A. W; W. 
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Questions for September 


1. Give formula for magnetizing a steel bar size 6 
in. by 1% in, by % in.; state length of wire, size, voltage 
and current, also the length of time required to magnify 
this bar. 

2. Give test to determine if the bar is thoroughly mag- 
nitied. 

3. If a magnet loses its strength, can it be magnified 
to its normal strength?—A. H. M. 


Two New Electric Meters 


Two new electric meters have been developed by the 
Esterline-Angus Company, Indianapolis, Ind., which are 
known respectively as the Concentration Meter and the 
Kilovolt Ampere Meter. 

The purpose of the concentration meter, as the name 
implies, is to determine the percentage of a chemical or 
chemicals in a solution. This is accomplished by meas- 
uring the resistance of the solution. The meter has a 
large variety of uses and probably the most important in 
connection with railroad work would be the determina- 
tion of the amount of chemical salts in boiler water. 

For example, the amount of chemicals or sludge in a 
boiler increases as the boiler is used; little is carried over 
with the steam. ‘This is particularly true where the water 
is bad and chemicals must be used to prevent the forma- 
tion of scale. Blowing down a boiler does away with 
the sludge, but results in a loss of heat and water and 
should be limited to that amount necessary to prevent 
priming or corrosion. It is claimed that the concentra- 


Portable Indicating Concentration Meter With Container for 
Solution Attached 


tion meter can be used to determine the time at which 
it is necessary to blow down a boiler. 

The instruments operate on alternating current and 
are made in both graphic and indicating types. Indi- 
cating instruments are used either by drawing a small 
quantity of the solution to be measured into a small cup 
attached to the side of the meter case, or by connecting 
the meter to electrodes which are continuously immersed 
in the solution. With the latter method, one instrument 
can be used with a number of electrodes, by using a dial 
switch to connect the meter to the different electrodes. 
Graphic instruments are used to make continuous records 


of the concentration or the resistance of the solution, and 
as a rule an instrument is provided for each electrode. 
The instruments are made in wall, switchboard and 
portable types. 

The purpose of the kilovolt ampere meter is to provide 
a means for billing a customer in proportion to the cost 
of supplying him with power. The K. V. A. meters 


Portable Type Graphic K. V. A. Meter 


record maximum demand, take- both power factor and 
unbalancing into account, and give a demand billing 
which is proportional to the investment cost of the ser- 
vice. The meters are made in portable, switchboard and 
wall types for all commercial voltages and frequencies, 
with chart speeds ranging from 34 in. per hour to 6 in. 
per minute. The scale of the chart is uniformly divided 
throughout, making the record easy to interpret. 


Portable Hand Lamps 


Two portable hand lamps designed to withstand severe 
service have recently been placed on the market by the 
Oliver Electric & Manufacturing Company of St. Louis. 
The lamp guards are strong, yet light, owing to the use 
of non-corrosive cast alloy and a maple handle of a 
weight sufficient to withstand rough usage and at the 
same time to balance correctly the weight of the guard. 
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The lamp guards are clamped in a groove in the handle 
which does away with screws. The receptacles furnished 
with these lamps are of molded insulation and have spring 
contact. They are mounted in the handles so that all 
the strain is taken on the handle. These receptacles are 
readily renewable. 

Both types of lamps, one with a reflector, the other 


Without Reflector 
Two Portable Hand Lamps 


With Reflector 


without, are furnished with strain relief bushings in the 
handle so that the strain is taken on the reinforced cord 
and not on the receptacle wires. All guards are large 
enough to accommodate 50-watt lamps and equipped with 
substantial swivel hooks. 


Ejector Cutout 


Ejector cutouts for use on 2,200 to 6,600-volt service 
in which the arcing distance is increased automatically by 
a spring when the fuse blows, have been developed by 
Schweitzer & Conrad, Incorporated, Chicago, II. 

The cutout consists principally of two parts, namely, a 
tubular shaped housing connected to the line, and a fuse 
tube containing the fuse and spring. The fuse tube, 
which is fitted with a handle, is placed in position by 
pushing it down into the top of the housing. A cylin- 
drical shaped guard at the base of the handle fits down 


FUSE ELEMENT 


Fuse Tube and Handle Showing Location of Spring, Fuse Element 
; and Cork 


over the top of the housing, excluding water, snow and 
sleet. The housing and handle are made of molded insu- 
lation. The leads pass directly through openings in the 
main housing, and are secured to the internal contacts 
with no live parts exposed. The supporting clamp for 
mounting the cutout on the cross arm is made of gal- 
vanized steel and fits around the housing tube. A 
moulded recess in the housing fits the clamp and prevents 
the housing from working loose or sliding down through 


the clamp. 
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The fuse element consists of a strip with a fusible sec- 
tion, this fusible section being reinforced by a high re- 
sistance, high tensile strength fusible wire which is held 
in tension by a coil spring. The purpose of the wire is 
to relieve the fuse element proper from tensile strength. 
The fuse element is provided with slots for quick inser- 
tion under the terminal screws, and is enclosed in a cork 
which prevents it from corrosion and which acts as an 
arc barrier. The fuse tube is made of bakelite and is 
screwed to the operating handle. The spring is enclosed 
in the tube and is attached permanently to the handle. 
The fuse element is held in tension between the terminal 
end of the spring and the end of the fuse tube, thus mak- 
ing a rigid unit of these parts. The current passes from 
the base of the coil spring to the fuse element, through a 
flexible copper cable. The current carried by the spring 
is, therefore, very small. 

The fusible link is normally held in tension by the 


Ejector Cutout Complete Mounted on Cross Arm 


spring and if the link is broken from any cause whatever, 
the spring contracts and introduces a long gap in the fuse 
tube. This quick-brake action of the spring is assisted 
by the barrier effect of the cork which encloses the fuse 
element. If the fuse operates on an overload just suffh- 
cient to melt the fuse link, a positive break is secured. 
In the case of short circuit, the cork is ejected by the 
explosive action of the arc, and it is maintained that 
besides acting as a barrier, the cork helps to interrupt 
the arc by sweeping it out of the fuse tube. 

The cutout is mounted on the cross arm at such an 
angle that any flame or gases escaping from the open 
end at the bottom are directed away from the lineman 
on the pole. The cutouts are made in various capacities 
ranging from 10 to 100 amperes. 

A number of combinations, consisting of disconnecting 
switches, horngaps, choke coils and fuses, for voltages 
from 7,500 to 37,000, are manufactured’ by this com- 
pany. Fuse tubes for the higher voltages are fully en- 
closed and contain an arc extinguishing liquid having a 
high dielectric strength, which aids in opening the circuit. 
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The Delta-Star Electric Company, Chicago, has es- 


tablished a district office at 310 Security building, Minne- 
-apolis, Minn., in charge of J. Sumpter. 


Electric Railways and railroads in the United States 
-are being studied by Kazucada Sakurai, equipment en- 
gineer of Tokyo, Japan, of the Municipal Bureau of Elec- 
tricity, who is making a tour. of the country. . 


Robert D. Black has been appointed manager of 
the Philadelphia branch office of The Black and Decker 
Manufacturing Company with headquarters at 318 North 
Broad Street. He succeeds W. C. Allen, who has been 
made special factory representative, with headquarters at 
the Cleveland branch office, 6225 Carnegie Avenue. Mr. 
Black was formerly assistant sales manager of the com- 


pany. 


The Association of Iron & Steel Electrical Engineers 
will hold its annual convention at the Hotel La Salle, 
Chicago, on September 19 to 23, inclusive. Various elec- 
trical devices such as A. C. automatic starters for slip 
ring motors, clapper switch controllers, dynamo cutouts, 
and many other devices of equal interest to the railway 
electrical engineers will be exhibited by various manufac- 
turers at this convention. 


The railways of Great Britain were returned to their 
owners on August 14, after having been under govern- 
ment control since 1914. The net income of the railways 
in 1920 is reported as $249,318,000, which is $7,290,000 
more than in 1913. While the total receipts, including 
government compensation for 1920, were nearly two and 
one-third times the receipts for 1913, the total expendi- 
tures were nearly three and one-third times those of the 
pre-war period. 


An unusual accident occurred recently on the 
Jamaica Bay trestle of the Long Island Railroad in 
which ten passengers were injured by flying glass. The 
wind pressure caused by two express trains going in op- 
posite directions, passing each other on adjoining tracks, 
broke a number of windows in the third car of the west- 
bound train. The glass did not penetrate that particu- 
lar car, but many of the broken pieces were thrown 
through the open windows of the fourth car. 


Wireless Telephone will be installed on important 
German express trains in the near future, according to a 
recent announcement. It is intended to have receiving 
instruments placed at various hotels and embassies so 
that travelers may arrange for hotel accommodations by 
radio telephone. Tests have been made under the super- 
vision of engineers, military attaches and diplomatic rep- 
resentatives of the United States and Sweden, and these 
tests have clearly demonstrated that communication be- 
tween moving trains and stationary points can be success- 
fully accomplished. 
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Heating by Electricity on Swiss Railroads 


For the last few months the passenger cars on the 
Berne-Thoune section of the Swiss Federal Railways have 
been supplied with steam for heating from electrical steam 
boilers. The heating unit of the boiler takes current 
directly from the overhead line without transformation 
and converts it into heat. This is the first electrical steam — 
boiler installation working directly at 15,000 volts. The 
apparatus supplying the steam was built by Brown, 
Bover1 & Company and is installed in an ordinary 
railroad baggage car especially arranged for this purpose. 
The maximum capacity of the boiler is 1,200 kw. A 
regulating device up to the minimum of 300 kw. has been 
provided. It is intended to introduce these heating cars 
on a larger scale on several lines of the Federal Railways. 


Big Radio Station for China 


Radio communication between Shanghai, China, and 
San Francisco—a distance of 5,360 nautical miles—is to 
be made possible by a 1,000-kw. arc station at Shanghai, 
construction of which is to start at once and which is to be 
completed within nineteen to twenty-four months. Con- 
tract for the construction of the plant, which will be simi- 
lar to the station at Bordeaux, France, has been signed 
with the Federal Telegraph Company. <A similar station 
is to be erected at San Francisco, and when both are com- 
pleted they will, together with the Bordeaux station, con- 
stitute a chain by means of which messages can be trans- 
mitted entirely around the world. The separation of the 
three stations is almost exactly 120 deg. of longitude. 

Although the power of the Shanghai unit will not be 
greater than that of the station at Bordeaux, several im- 
provements, it is announced, will be incorporated in it. 
Among these are the “uni-wave” signaling system, which 
is expected to afford a distinct advantage for long-distance 
communication by improving the clarity of the signals. 


Electric Locomotive for English Railway 


Twenty electric locomotives belonging to the Metro- 
politan Railway are being rebuilt for the purpose of in- 
creasing their capacity. The general design of the loco- 
motive is somewhat similar to that used for multiple unit 
cars, except that the locomotives are shorter, heavier, 
equipped with more powerful motors and the auxiliary 
apparatus such as the vacuum exhauster, air compressor, 
reservoirs, etc., are located in the cab instead of under it. 
The locomotives are equipped for multiple unit operation 
with the “all electric-automatic” type of control. There 
are two 4-wheel trucks, on each of which are mounted 
two 300 hp. series motors geared to the axle by single 
reduction gearing. Each motor is carried on its axle by 
suspension bearings, and a portion of the weight is trans- 
mitted by a nose on the motor casting which rests in a 
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yoke which slides vertically up and down in guides fixed 
to the truck crossbar. A slightly elastic support is ob- 
tained by rubber cushions. The principai dimensions of 
the locomotive are given in the table. 
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A number of special features will be incorporated in the 
rebuilt locomotives. An electrical interlocking device 
will make it impossible for the engineman to start the 
locomotive without first having the brake apparatus ready 
for immediate application. An automatic window wiper, 
operated from the inside, will enable the engineman al- 
ways to have a clear vision in wet weather. The first 
and last cars of the train will be fitted with contact shoes 
and main positive and negative feeders carried through 
the train to the locomotive, thus making it possible for 
the locomotive to collect its current when the collector 
shoes on the locomotive are bridging gaps in the con- 
ductor rail. 


Annual Meeting of U. S. L. Corporation 


Confidence in the future of the U. S. L. Corporation 
was the keynote of the report submitted by President 
C. O. Miniger to the stockholders of the U. S. Light & 
Heat Corporation at their annual meeting held August 
10th at the U. S. L. factory in Niagara Falls. The re- 
port, together with the financial statement, is being printed 
and will soon be distributed to all stockholders. 


The following officers and directors were elected for 


the ensuing year: C. O. Miniger, president ; D. H. Kelly, 
vice president; R. H. Van Nest, vice president and secre- 
tary; H. I. Shepherd, treasurer; A. F. Strayer, assistant 
treasurer; T. G. Swannie, assistant secretary. The board 
of directors consists of John N. Willys, chairman, New 
York; Egbert H. Gold, vice chairman, Chicago ; 
Walter P. Chrysler, James E. Kepperley, H. I. Shepherd, 
New York; C. O. Miniger, Toledo; W. B. Stratton, 
New York; Geo. B. Shepard, Niagara Falls; James 
O. Moore, Buffalo; D. H. Kelly and R. H. Van Nest, 
Niagara Falls. The members of the executive committee 
are John N. Willys, chairman; Egbert H. Gold, vice 
chairman; James E. Kepperley, H. I. Shepherd and C. O. 
Miniger. 


International Conference Recommends Wireless 
Telephony Policy 


At the recent Paris conference of the international 
wireless delegates, some very interesting and important 
‘recommendations were adopted. Major-General George 
O. Squier, chief of the Signal Corps of the United States 
army, presented a definite program, most of which is 
said to have been adopted, although the conclusions of 
the conference will be kept secret until they are presented 
to the various governments by their respective delegates. 

Of chief importance is the selectivity of wireless tel- 
ephony between various nations and in order to further 
promote this condition the conference adopted a recom- 
mendation that certain waves be assigned to each coun- 
try, with treaty provisions limiting each country to the 
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use of instruments adapted to those wave lengths so that 
the result would be secret wireless. It was agreed to 
apportion these waves, probably designating each group 
by color, so that each country might have the exclusive 
use of certain colored waves. 

In the opinion of the conference, wireless communica- 
tion will never supersede the submarine cables, and the 
extension of cable facilities was advocated. 

The report of the conference offers solutions for prob- 
lems that were not solved at the Washington communica- 
tion congress. It is expected that this report will be 
submitted to the Washington government in November. 


Metropolitan Section of Welding Society Meeting 


The Metropolitan Section of the American Welding 
Society will hold its first fall meeting in the Engineering 
Societies Bldg., 33 West Thirty-ninth Street, New York, 


_on September 20. The subject of the evening, “Practical 


’ 


Applications of the Electric Arc Welding Process,” will 
be presented by E. Wanamaker, electrical engineer, of the 
Chicago, Rock Island & Pacific Railroad. Mr. Wana- 
maker not only has devoted years to the study of arc 
welding during which time he has developed many prac- 
tical features, but he is also a most interesting speaker. 
The paper will have to do with the three prime requisites 
of electric arc welding; 1st—skill necessary in applying 
the weld or designing parts to be welded; 2nd—require- 
ments of equipment; 3rd—quality of material to be 
welded. 

Mr. Wanamaker is one of the few who can handle this 
technical subject so that it will be interesting and in such 
a way that everyone can understand him. 


A. E. R. A. Annual Convention 


The fortieth annual convention of the American 
Electrical Railway Association will be held in Atlan- 
tic City, N. J., on October 3 to 6, inclusive. The tenta- 
tive program of the Engineering Association of the 
A. E. R. A. is as follows: 


MONDAY, OCTOBER 3 
MorNING 


9230) A. MM. to) 12°30 Ps Me. 
Registration and Distribution of Badges at booth at Boardwalk entrance 
to Pavilion in front of Haddon Hall, corner of Boardwalk and North 
Carolina Avenue. 


MONDAY, OCTOBER 3 
AFTERNOON 


2:30 Pp. mM. to 5:00 P. M. 
(Meeting held in Solarium of Haddon Hall.) 
Convention called to order, 
Annual Address of the President. 
Annual Report of the Executive Committee. 
Annual Report of the Secretary and Treasurer. 
Appointment of Convention Committees. 
Resolutions. 
Report of Committees: 
Apprenticeship Systems—F. R. Phillips, Superintendent of Equipment, 
Pittsburgh Railways Company, Pittsburgh, Pa., Chairman. 
Heavy Electric Traction—Sidney Withington, Electrical Engineer, New 
ae New Haven & Hartford Railroad Company, New Haven, Conn., 
hairman. 


TUESDAY. OCTOBER 4. 
AFTERNOON 


2:30 p. M. to 5:00 P. M. 
(Meeting held in Solarium of Haddon Hall.) 

Reports of Committees: 

Power Generation—A. B. Stitzer, Chief Engineer, Republic Engineers, 
Inc., New York City, Chairman. 

Power Distribution—Charles R. Harte, Construction Engineer, Connec- 
ticut Company, New Haven, Conn., Chairman. 

Note.—The Joint Report of the Committee on Stores: Accounting, represent- 
ing the Store Accounting Committee of the Accountants’ Association 
and the Committee on Purchases and Stores of the Engineering Asso- 
ciation, will be held in Accountants’ Room in Hotel Chalfonte at 2:30 
Pp. M. ke 


WEDNESDAY, OCTOBER 5 


2:30) Poem.) tomo 00 Pannts 
(Meeting held in Solarium of Haddon Hall.) 


ports of Committees: 
ae Matters—R. C, Cram, Engineer of Surface Roadway, 
Rapid Transit Company, Brooklyn, N. Y., Chairman. 
Buildings and Structures—-D. E. Crouse, Chief Engineer, 
Syracuse Railroad Company, Syracuse, N. Y., Chairman. 
“Paper—“‘Work of the Underwriters’ Laboratories’—George B, Muldaur, 
General Agent, Underwriters’ Laboratories, New York City. 


THURSDAY, OCTOBER 6 


AFTERNOON 
2:50 sPrmMine CO )2 00 Piet 
(Meeting held in Solarium of Haddon Hall) 

Reports of Committees: ae ; 

Equipment—Daniel Durie, General Superintendent, West Penn Railways 
Company, Connellsville, Pa., Chairman. : 

Unification of Car Design—H, H. Adams, Superintendent of Shops and 
Equipment, Chicago Surface Lines, Chicago, Ill., Chairman. 

Standards—Martin Schreiber, Chief Engineer and Manager Southern Di- 
vision, Public Service Railway Company, Camden, N. J., Chairman. 

Report of Convention Committees. 

Resolutions. 

General Business. 

Election of Officers. 

Installation of Officers. 

Adjournment. 


Brooklyn, 


Rochester & 


Personals 


F. H. Sauter, formerly associate editor of the Loco- 
motive Dictionary, has accepted a position with Gibbs & 
Hull, consulting engineers, Pennsylvania Station, New 
York City. His work 
with this firm will 
have to do with the 
development of rail- 
way electrification. 
Mr. Sauter was born 
in Schenectady, Feb- 
ruary 1, 18/77, and 
was educated in the 
public schools” of 
Schenectady. In 1894, 
he entered the Gen- 
eral Electric Com- 
pany’s factory and 
completed a mechan- 
ical engineering 
course under private 
instruction during the 
factory employment 
period. In January, 1900, he entered the General Elec- 
tric Company’s drafting department and in 1903, he 
worked with the Schenectady Railway Company as as- 
sistant master mechanic. In the fall of 1904, he accepted 
a position with the Peckham Manufacturing Company 
of Princeton, N. Y., as electric truck designer. In 1905, 
he entered the services of the American Locomotive 
Company, Schenectady, N. Y., and while with this com- 
pany, he held positions as draftsman and designer of 
steam locomotives, electric trucks, and electric locomo- 
tives, and as electric locomotive and truck estimating en- 
gineer. In December, 1917, he entered the employ of the 
Simmons-Boardman Publishing Company as associate 
editor of the Locomotive Dictionary. He accepted a po- 
sition with the Crown, Cork & Seal Company, Baltimore, 
in May, 1918, and in July of that year was made super- 
visor of Trade Machinery, and in April, 1920, assistant 
manager of the machine erecting department. The duties 
of this position included adjustment of machine com- 
plaints and personal visitation of the trade in the entire 
territory east of the Mississippi and some of the Western 
states. On June 1, 1921, he resigned to accept his pres- 
ent position. 


F. H. Sauter 
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Walter R. Pflasterer, railway sales engineer of the 
National Carbon Company in the Chicago territory, has 
resigned, effective September 1, to enter business for him- 
self. He has organ- 
ized the Direct Sales 
Company and is gen- 
eral sales manager 
with headquarters at 
431 South Dearborn 
Steel eicarG. ve tic 
Direct Sales Company 
will act as manufac- 
turers’ representative 
handling railroad ac- 
counts in the Chicago 
district. Mr. Pflas- 
terer was educated in 
the public schools of 
Braddock Pa.” and 
his first work was for 
the Carnegie Steel 
Company in the roll- 
ing mills at the Homestead plant. Later he went to 
California for his health and after about a year started 
to work in the signal department of the Union Pacific at 
Omaha, being engaged in construction work under A. G. 
Shaver and J. C. Young. Later he was transferred to 
the signal engineer’s office and had charge of handling 
all material for the large amount of construction work 
on the Union Pacific in 1906 and 1907. Early in 1907 
he was appointed chief clerk to the signal engineer and 
about a year later he entered the signal department of 
the Southern Pacific in California. In 1908 Mr. Pflas- 
terer entered the service of the Chicago, Rock Island & 
Pacific as chief clerk to the signal engineer, which posi- 
tion he held until August 15, 1913, when he resigned to 
enter the railroad sales department of the Yale & Towne 
Manufacturing Company, New York. Mr. Pflasterer re- 
mained with this company until December 15, 1914, when 
he resigned to go with the National Carbon Company of 
Cleveland in the railroad sales department as sales en- 
gineer, which position he is leaving to go into business 
for himself as noted above. 


W. R. Pflasterer 


Trade Publications 


A transformer temperature indicator is described in 
Bulletin No. 46041, issued by the General Electrical Com- 
pany, Schenectady, N. Y. The device is known as the 
type H-2 A-C temperature indicator and is used for de- 
termining the temperature of transformer windings. 


The Mechanical Appliance Company, Milwaukee, 
Wis., has issued Bulletins Nos. 401, 402, 403, 404 and 405 
covering the “Watson” direct-current motor, alternating- 
current motor, multi-speed motor, slip-ring and high- 
torque motor and ball-bearing motor respectively. 


All Benjamin electrical products are listed and de- 
scribed in catalog No. 23, published by the Benjamin 
Electrical Manufacturing Company, New York. The 
catalog is a book with a stiff cover containing 252 pages 
and special attention has been given to the grouping of 
the products listed to add to the convenience of the user. 
A number of new devices are included in this catalog. 
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efficiency has been defined as the art of getting things 
done, but it means more than that, for not only must 


work be done, but it must be well 

P i done and at a_ reasonable cost. 

Ree Otherwise, the term “efficient”? can 
Efficiency 


scarcely apply to its accomplishment. 

Every undertaking, great or small, 
must be planned and guided from its inception to its 
completion, and the degree of skill manifested in the day 
by day progress is an exact measure of the personal effi- 
ciency of the one in charge. 

Personal efficiency of different individuals differs 
greatly and there are few, if any, who have attained so 
high a standard that further improvement is impossible. 
It is not within human limitations for any one to know 
all there is to be known about any particular line of 
endeavor, even though he may have followed that line 
for years. New ideas and new methods are constantly 
being developed and the man who makes his mark as 
being personally efficient is he who is ever on the alert to 
adopt the improvements and make them a part of his 
regular practices. The fall and winter months offer 
exceptional opportunities in the meetings of the various 
technical societies and railroad clubs and it is hardly pos- 
sible to attend such a meeting without carrying away at 
least one suggestion that will pay many times over the 
effort made to secure it. 


Standards for electric traction equipment is a question 

demanding an ever increasing amount of attention. More 

lively interest in this subject is shown 

Direction in European countries than in the 

of United States becausé there is a 

Design greater need of electrification in 

those countries, but the time is 

coming when the question will be equally vital in this 
country. 

It is true that at present there are few things in a 
sufficiently advanced state of development to warrant 
standardization. It would, for example, probably be 
unwise to restrict the possible development of the three- 
phase system, but if an effort is made to carry standard- 
ization as far as practicable, it will aid materially in crys- 
talizing the information at hand and will give the rail- 
road operator a more definite conception of the possibili- 
ties and limitations of electric traction. 

In an article in this issue George Gibbs, chief engineer 
of electric traction, Long Island, points out many of the 
factors which govern and limit standardization and of- 
fers a number of suggestions. The letter is written to 


the Electrification of Railways Advisory Committee in 
England, and speaks specifically of British railways, but 
the statements as set forth apply equally well to railroads 
in the United States. Extensive standardization is with- 
out question undesirable and probably. impossible, but 
electric traction equipment is being and will be developed 
and direction of design is of fundamental importance. 


Under normal conditions the present issue of the Railway 
Electrical Engineer would have carried the reports of 
the various. committees of the As- 


The sociation of Railway Electrical 
Lost Engineers. In the course of ordi- 
Opportunity nary procedure these reports would 


have been presented before the as- 
sociation at the thirteenth annual convention which was 
scheduled to be held this month at Chicago. Both the 
presentation of the reports before the convention and 
their publication in the Railway Electrical Engineer 
would have reacted greatly to the benefit of the railroad 
electrical men, and it is most unfortunate that the decision 
was made to cancel the arrangements for the convention. 
It is difficult, if not impossible, to measure by any mone- 
tary scale the benefits derived by men attending conven- 
tions, or to trace how these benefits are extended to the 
roads. And yet there are few who will question the good 
that is accomplished by conventions. 

It is the opinion of the Railway Electrical Engineer 
that a great mistake was made in the caricellation of this 
year’s convention, especially since the usual June meet- 
ing was also called off. Progress in engineering achieve- 
ments is not secured by hermitlike methods, but rather 
through the interchange of ideas by men working along 
the: same lines. To what extent the ideas of one man 
may assist the plans and projects of another may be diffi- 
cult to determine, but it is most reasonable to assume that 
the experience of the one may easily save both time and 
expense on the part of the second, who may be engaged 
in almost identical work. The saving may be intangible, 
but it is nevertheless real, and the Railway Electrical 
Engineer is thoroughly convinced that the supposed sav- 
ing resulting from the cancellation of the convention is 
far less than the ultimate loss to the various roads 
will be. 

Although the opportunity is lost for the present, the 
convention will eventually take place and when it does 
the committees’ reports should reflect conditions up to 
the time the convention is held. Undoubtedly much work 
has already been done on the various reports in prepara- 
tion for the meetings that were to be held this month, but 
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however good such reports may be, the committees should 
not think of being satisfied with the present efforts, but 
should continue to improve and augment their several 
reports so that when they are finally presented they will 
be full of live, up-to-the-minute useful information that 
will interest and stimulate the men and react to the eco- 
nomical benefit of the roads represented. 

The Association of Railway Electrical Engineers during 
the past two years has done a notable amount of original 
work on the subject of railroad 
electrification. Committees of other 
associations have also been working 
on this subject, but there has been 
little co-operation between the sev- 
eral associations and the result is that much of the work 
has been duplicated. Railroads have been called upon to 
answer questionnaires sent out by a number of associa- 
tions, all asking for information on a single subject. 

A clearing house to remedy this situation was sug- 
gested a year ago by the committee on heavy electric 
traction of the American Electric Railway Association. 
At the annual convention this year, the same A. R. E. A. 
committee made an effort to put its suggestion into effect 
by including in its report a statement of the activities of 
each of the other associations which had committees 
working on this subject. This is without question a step 
in the right direction, but in the same report the commit- 
tee presents a considerable amount of data and informa- 
tion which is largely a duplication of what has been pre- 
sented previously by the Association of Railway Elec- 
trical Engineers. The electric locomotive data table 
published in this year’s report, except for some additions, 
is largely a duplication of a part of a table prepared last 
year by the A. R. E. E. committee. Data is also pre- 
sented on multiple-unit equipment in this report and the 
same report states that the A. R. E. E. committee 1s 
now at work on this subject. The bulk of the report 
consists of a bibliography, based largely on another bibli- 
ography issued two years ago by the A. R. E. E. com- 
mittee, enlarged, reclassified and brought up to date. 
This rearrangement is spoken of as co-operation, but it 
undoubtedly involves a duplication of effort, as a new 
group of men has rehandled and reprinted the bibliog- 
raphy. 

An invitation will probably be sent out by the Ameri- 
can Electric Railway Association to the American Rail- 
way Engineering Association, the American Railway As- 
sociation, Mechanical Division, the American Institute of 
Electrical Engineers, the National Electric Light Asso- 
ciation, the Association of Railway Electrical Engineers, 
and such other organizations’as the executive committee 
of A. E. R. A. may deem expedient, asking each associa- 
tion to appoint two representatives to serve on an Ameri- 
can committee on electrification. The invitation may not 
meet with hearty response in all cases as the steam rail- 
roads are those most vitally interested in the subject, and 
it would seem logical that their representation should be 
in proportion to the magnitudes of their interest. Fur- 
thermore, it may not be entirely feasible for one commit- 
tee to handle all matters pertaining to electrification. The 
fact remains, however, that there is a need of co-opera- 
tion and all of the associations named should confer on 
the subject, and either form an American committee on 
electrification, or a steering committee which could assign 
appropriate parts of the work to each of the interested 
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associations. In this way, much unnecessary duplication 
and lost motion could be done away with and the effort 
of the several committees united and directed. 


The field for the application of metallic are welding 
in connection with railroads is so extensive that it 
seems to be almost without limit. 


Welding In a general way the savings that 
for can be effected by the use of weld- 
Railroads ing are apparently more or less fa- 


miliar to railroad men _ within 
whose province welding operations logically fall, but 
there are relatively few roads that are embracing 
their opportunities in this direction to anything like 
the degree that it is possible and practicable. There 
is scarcely a railroad department that cannot use elec- 
tric are welding to advantage, provided the road has 
sufficient courage and initiative to organize a force of 
welders and supervisors under the direction of a com- 
petent welding engineer. Very great savings can be 
made—in fact, are being made, as is plainly evidenced 
by the ideas set forth in a paper presented at the re- 
cent meeting of the Metropolitan Section of the 
American Welding Society by E. Wanamaker, elec- 
trical engineer of the Chicago, Rock Island & Pacific 
Railway. The first part of Mr. Wanamaker’s paper 
is published on. page 376 of this issue of the 
Railway Electrical Engineer. What Mr. Wanamaker 
has done for the Rock Island lines can be, and should 
be very much more generally done on other roads. 


New Books 


By Charles F. Smith. 
illustrated. Published by Sir Isaac 
West 45th street, New York. 


The book contains an outline in compact form of the 
main principles involved in the practice of testing elec- 
trical machines for commercial purposes. It has appar- 
ently been the aim of the author to simplify the descrip- 
tion of the method as much as possible and to lay em- 
phasis on the main purposes of the tests. 
tended for young engineers and much detail, and many 
tests which have a limited application have been 
excluded. 


Testing of Continuous Current Machines. 
in. Bound in cloth. 102 pages, 
Pittman and Scns, Ltd., 2 


The Code at a Glance. By Hubert S. Wynkoop, First edition, 3 in. by 7 
in., paper cover. 96 pages, not illustrated. Published by National 
Association of Electrical Contractors and Dealers, 15 West Thirty- 
seventh street, New York. 

Code requirements which should be constantly in the 

mind of the contractor, the wire man, the estimator, and 

the inspector are arranged in the book in alphabetical 
order so that the user of the book can readily look up all 


.of the rules on a certain subject and thus do away with 


errors and omissions that are apt to creep into the work. 
For example, if information is wanted on grounding, 


4 in. r 6 


The book is in- 


~ 


under this subject will be found ground detectors, system 


grounds, equipment grounds, ground conductors, ground 
connections and other information pertaining to that 
topic, all in one place, arranged alphabetically. Mr. 
Wynkoop is in charge of electrical inspection in the city 
of New York and has prepared the book in an effort to 
minimize the thousands of Code violations that have come 
to his notice during the past 25 years that he has been 
engaged in electrical inspection. 


Electrification Progress on Italian Railways 


A Number of Hydro-Electric Plants Are Under Construction, as 
Fuel Is Expensive and Hard to Obtain 


By Giovanni B. Santi 


Engineer, Italian State Railways, Rome, Italy 


INCE fuel oil 1s not produced in Italy, the railway 
S companies, particularly the state railways which op- 
erate most of the mileage, and all the lines where 

the traffic is heavy, have been engaged for some years in 
substituting electric traction for steam motive power. 
The electric power used for this purpose is secured from 


in 1901 


Line from Lecco to Colico, Showing Wooden Poles Used 
for Supporting the Contact Wires 


a number of hydro-electric power plants, and at the pres- 
ent time this number is being increased. 


The Development of Electric Operation 


The first trial of electric traction in Italy was made in 
1901 and in that year the Milan-Varese line and the Val- 
telline line were electrified. The points between which 
electric operation was begun were La Lecco-Colico- 
Sondrio and Colico-Chiavenna. The electrification of the 
Milan-Varese line was carried out with a direct current, 
third-rail, using 650 volts. This line has a double track 
and is 36.7 miles long. It is still being worked with the 
same power plant which was installed in 1901 and en- 
larged in 1912 to cope with the increase of traffic. The 
direct current, third-rail system, gave some trouble during 
the first month of its operation, particularly on account of 


the overheating in the generators. These difficulties, 
however, were soon overcome to a large extent. 

On the Valtelline line the 3-phase system was adopted 
with a low frequency of 15 cycles and 3,000 volts. The 
first installation was of an experimental nature and all the 
details were constructed in a very economical way, par- 
ticularly as regards the contact line apparatus. Owing 
to the favorable results of the trial, some parts of the 
apparatus were strengthened later and at the present time, 
after a 20-year period of operation, the whole plant is 
running smoothly. The power is generated at 15 cycles 
in the power station at Morbegno on the river Adda, close 
to the electrified line. The copper contact wires are small, 


The Monza-Lecco-Colico Line, Showing the New Contact Wires 
Supported by Tubular Poles of the Mannesman Type 


conductors having a cross-section of 50 sq. mm. being 
used for each overhead phase, the third phase being 
formed by the rails. The poles supporting the catenary 
were made of wood with transversal suspension as shown 
in one of the illustrations, except on small sections where 
two longitudinal types of suspension were tried which 
were proposed by the firms of Ganz and Westinghouse. 
The wooden poles were later removed and replaced by 
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those of Mannesman tubular construction, also illustrated. 

The transformer stations are of low power and are 
arranged in grades along the line with an average dis- 
tance of about 6.2 miles between them. In 1901, the time 
at which the Morbegno plant was fitted up, it fulfilled the 
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conditions of maximum economy on the total costs, con- 
sisting of interest and depreciation of the plant and cost 
of maintenance and operation. These conditions of max- 


imum economy have now greatly changed, especially on 
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This system was adopted, therefore, in the future elec- 
trification of the main lines of the State Railways, al- 
though alterations were made in all the details in order 
to render the equipment more technically perfect and more 
economical, particularly with regard to the maintenance 
and operating costs. 


Recent Installations Applied to Lines With Greatest 
Grades and Traffic 


~The new installations were made on lines where the 
traffic was very heavy. Between the year 1910 and the 
year 1914 the two Giovi lines were electrified. These two 
lines, which connect the port of Genoa to the inland 
country across the Apennine mountains, encountering 
grades of 3.5 per cent, have the largest amount of 
traffic of all of the Italian roads. The Savona-Ceva line, 
connecting the port of Savona with the inland country, 
also crosses the Apennines at 2.5 per cent grade. The 
Bussoleno-Modane line crosses the Alps. This line has 
a tunnel 8.45 miles long at an altitude of 4,134 ft. above 
sea level. It is the chief line of communication between 
Italy and France. 

. This group of electrified lines in the last few years has 
carried four times the amount of the average traffic of 
all the Italian railways. In the statistical year of 1917- 
1918, for instance, the average amount of traffic per mile 
of line on the whole of the State Railway system was 
about 2,060,000 ton-miles, while on the group of electri- 
fied lines mentioned above, the amount was about 8,800,- 
000 ton-miles. 

In 1916 the coast line between Savona and Genoa was 
electrified. This line connects the mountain lines referred 
to above, namely, from Savona to Ceva and the Giovi 
lines, and allows better use to be made of the apparatus 
and rolling stock on these lines. 


Work in Progress 


The electrification of the Pinerolo-Bricherasio-Torre 
Pellice and Bricherasio-Barge iines, 18.6 miles, will also 
be completed shortly. This is a continuation of the 
Torino-Pinerolo line, already electrified. The Torino- 
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Electrified Line Put in Operation in 1919 


account of the increase of wages and the introduction of 
the eight-hour day. 

The trial on the Valtelline line at once gave satisfactory 
results. It revealed great advantages in the three-phase 
traction system, particularly in regard to heavy traffic. 


Chieri line, 13.7 miles, of which eight miles is double 
track, has been operating by electricity since March, 1921. 

The power transmission lines and the electric trans- 
former stations of the Torino-Pinerolo line were designed 
to supply either the Torino-Bussoleno line or the other 
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lines which start from Torino, and which are at present 
in process of being electrified. The European war de- 
layed the work of electrification, although it was never 
stopped completely, and immediately after the declaration 
of peace the electrification program was actively renewed. 
It was possible, therefore, to begin the electric service on 
the Torino-Bussoleno and Bussoleno-Susa line, 33 miles, 
of which 28 are double track, towards the end of 1919. 
In this way the Freyus electrified line (Bussoleno- 
Modane) and the Torino-Pinerolo were linked up await- 
ing the time when the whole of the electrified lines in 
Piedmont will be connected to those in Liguria, when the 
electrification of the Torino-Ronco line is completed, 
which should be at the end of 1921. 

The electrification of the Voghera-Alessandria, Vor- 
tona-Nova and Tortona-Arquata lines, which will give 
access to the Giovi line, and the line from Milan to Chi- 
asso and Switzerland will be completed in the beginning 
of 1922 at the latest. Nearly all of this work was agreed 
upon and commenced before the war. It is expected, 
therefore, that. at the end of 1921 the electrified portion 
of the State Railways (that is the state-owned main 
lines), will be about 435 miles. As many of the lines 
have double track, the total length of the electrified sec- 
tion, including junction lines, freight yards, etc., will be 
about 808 miles. A summary of the more important fea- 
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on account of the steep grades and very heavy traffic, 
The total length of line operated by the State Railways is 
8,700 miles and the annual consumption of coal is about 


2,500,000 tons. The electrification of 2,800 miles, decided 
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upon in the May, 1920, program, will permit of a saving 
of 1,300,000 tons of coal, or nearly half the total amount 
required for running the entire system. In its place, 


TasLe I—MILEAGE AND CHARACTERISTICS OF THE ImMporTANT ITALIAN ELectTRiIFIED RaiLway LINES as oF May, 1921. 


Length of Electric Lines 


Outside Tunnreis Inside Tunnels 


= Vee aN 
Lines Electrified Single Double Single Double 
Track Mrack Track Track 
Lecco—Colico—Sondrio ...........00- 40. tee, 9.25 
Colico—Chiavenna scree ci) percent etaeters 14.7 mua 1.5 
WeccG— Menzel mariraierneictsterenii tetstorerers 18.6 4.3 3 
Milano—Varese—P. Ceresio .......... 8.6 36.4 25 
Torino—Bussoleno-Modane ..........-- 10.3 12.8 4.5 37.3 
TorinO——Einerolo) sanudeimelae stteteieis siete ers 18.3 4.7 
Savona—Ceva tm aie cee rot earls 22.6 6 05 
Ronco—Bivio Rivarolo (via Busalla)... 10.9 2.9 ) 
Campasso—Bivio Rivarclo ...........- 14 oe 
Campasso—Bivio Succursale .......... 1.7 Bote | 
Campasso (Su0) Scali Miarstter.aeiceisls esq 
Genova B—S. Pierdarena............. Gears a7, 1.9.0] 
S. Pierdarena—Recnco (via Mignanego). ae Wee 7.9 
S. Pierdarena—Scali Maritt........... een 
S, Pierdarena—Savona cass cre sie ane 19.6 Sees See 
Torino—Chieri™ cA icta. <r reas 13.4 
Bussoletio—Susa~ Siac. «cnn iceenenesie sr oneieee 4.7 
Total. 23sec cad aren ee ee ee 170.8 82.1 27.0 50.05 


Length ; Minimum. Weight 
Electrified i Griam Ae “uk i mabe = 
Total Track (per cent) Curves. peryd.) Voltage Current Frequency 
65.45 76.2 { Ae Ape } 72and55 3,400 3-phase 15 to 16 
23.2 39.7 1.2 1,640 ft. 72 3,400 3-phase 15 to 16 
45.25 90.7 2.0 985 ft. 72 650 D.C. Beitr 
64.9 110. 3.0 1,148 ft. 101 3,900  3-phase 16 to 17 
23 379 eS 1,969 ft. 72 3,700 3-phase 16 to 17 
28.65 43.4 255 de312 tt. 101 3,700 3-phase 16 to 17 
16.9 49.6 359 cig tte 101 3,700 3-phase 16 to 17 
19.7 57.5 1.6 1,342 ft. 101 3,700 3-phase 16 to 17 
24.8 31.8 0.7 886 ft. 92.5 3,700 3-phase 16 to 17 
13.4 19.4 1.0 1,640 ft. 64 to72 3,700 3-phase 16 to 17 
4.7 542 1.0 1,640 ft. 55: 3,700 3-phase 16 to 17 
329.95 561.4 


tures of the lines already electrified up to May, 1921, is 
given in the table. 

To these state-owned lines must be added about 124 
miles of smaller electrified lines having standard gage 
track, which are operated by private companies. About 
310 miles of narrow gage electrified lines are also op- 
erated by private companies. 


Plans for the Future 


The new work for extending electric traction in Italy, 
which was decided upon before the war by the State Rail- 
ways in agreement with the government, provides for the 
electrification of about 2,800 miles of the State Railways. 
These lines are shown on the full page map. They have 
been chosen from those where the most coal is consumed 


600,000,000 kw. hr. per annum will be consumed and this 
means that power statigns will have to be provided with 
a capacity of 150,000 kw. 


Most of the Electric Power Will Be Purchased 


The power as a rule will be bought from private power — 
distribution companies, but in order to speed up the work 
the State Railways have already commenced to build large | 
hydro-electric installations, which will operate in parallel 
with the power stations of the private companies. These 
hydro-electric installations are those of Melezet and 
Rochemolles in the upper Piedmont section near Bar- 
doneche; Suviana and Castrola on the river Reno and 
Limentre near Bologna, and Anversa on the river Sagit- 
tario near Sulmona in Central Italy. There are reset- 
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-yoirs in these hydraulic stations to provide a reserve of 
water for other stations in time of water shortage. The 
power which can be generated in these hydraulic plants 
is as follows: 


BGT At, SIVLCLEZEL,. 3 oe us cs ons a hws we haley 26,000,000 kw. hr. per annum 
Station at Rochemolles.......... ome sata ver sn: 40,000,000 kw. hr. per annum 


BGM At SARILtATIO’ ...geas ciel the te oe «opslspe en 73,000,000 kw. hr. per annum 
Biation at Reno and Limentre............. 82,000,000 kw. hr. per annum 
Total SRR eee Me fo ot oad 899,000,000 kw. hr. per annum 

It will be possible to generate in the stations at Reno 


and Limentre, when all the water is used, 127,000,000 
kw. hr. more, making a total for all the stations now being 
built of 221,000,000 plus 127,000,000, or 348,000,000 kw. 
hr. These figures represent the limit of the annual power 
available from power stations. Of course, it will not be 
possible in practice to use this power in full. It must be 
taken into consideration, however, that the stations will 
be connected with other industrial power stations, and it 
will be possible, therefore, to transmit and use the power 
as it is required. Almost all of these stations are pro- 
vided with reservoirs of water, and it will be possible to 
regulate the amount of power taken from individual 
power stations connected in parallel, so as to make the 
best use of the entire power system and get a maximum 
of power with a minimum waste of water. It is expected 
that the percentage of energy which is available will be 
about 80 per cent of the total. 


Specifications for Catenary Construction 


RACTICALLY all of the overhead catenary contact 
systems now in use in this country are showing satis- 
factory results, according to the replies received from 
questionnaires sent out recently by the committee on pow- 
er distribution of the American Electric Railway As- 
sociation. It is, therefore, urged by this committee that 
comparative tests be made to determine the most econom- 
ical type of constructions. The following is an abstract 
of the last report of the committee presented at the an- 
nual convention held in Atlantic City, N. J., during the 
week of October 3: 

As a preliminary to the preparation of specifications for 
catenary construction a questionnaire was issued to 225 
companies, asking information on 37 main points and re- 
plies were received from 59 companies, of which 15 had 
catenary to the extent of a total of 405 miles. 

It had been hoped to secure information from other 
companies which did not reply and possibly in that case 
more definite facts would have been established. 

A careful study of the replies, however, shows that 
with one exception none of the companies have had ex- 
perience with types of catenary other than that they now 
use, and as all report favorable results, although the types 
employed differ materially, it is clear that there are 
needed comparative tests to determine the most economi- 
cal construction. 

A careful analysis of the information on this type of 
overhead issued by the various manufacturers showed 
wide variations in the figures on sags and tensions, due 
to the many variables in the problem. Moreover, there 
appears to be comparatively little information available 
on the details of the calculations. If this work is con- 
tinued efforts should be made to secure some measure of 
agreement between the manufacturers, and that the com- 

plete analysis, with the agreed upon variable values 
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should be made available to the members of the American 
Electric Railway Association, presumably as an appen- 
dix to the specification. 

Certain general facts of interest shown by the question- 


. naire replies are :— 


The oldest reporting line has been up for approxi- 
mately twenty years; the majority, however, have been 
installed since 1912. 

The tendency is for spans of 150 feet if on poles, or 
300 feet if on bridges, using 7/16 steel messenger (2 use 
500,000 c. m. copper cable on bridge work and 1 uses 
copper clad on poles) of various grades of strength, and 
4/0 grooved contact wire, the latter at from 17 feet to 
22 feet 9 inches above the top of rail. Hanger spacing 
varies, 15 feet being the choice of the majority, as is the 
flexible type of hanger. 


Railway Electrification in England 


Members of the Advisory Committee do not believe 
that any controversy will arise in connection with the 
proposals of the Ministry of Transport on the electrifica- 
tion of railways. The companies interested in the subject 
had a fairly strong representation on the committee, and 
the recommendations which were made in the interim 
report that future conversions of steam railways should 
be on the direct-current system, and that the standard 
of pressure at the sub-station bus-bars should be 1,500 
volts, have now been confirmed. As might have been ex- 
pected, however, the question of allowing the Brighton 
Railway Company to remain in a state of splendid isola- 
tion with its single-phase alternating-current system has 
aroused criticism, but the committee, having considered 
this subject in all its bearings, has come to the conclusion 
that for financial reasons it is not desirable to request the 
Brighton Company to revert to direct current working. 
The electrification of the main line to Brighton and other 
towns will, therefore, be on a single-phase system, and 
the work of extension is to be put in hand almost imme- 
diately. It is probable that the first of the railways serving 
the London district which have until now relied on steam 
working to equip suburban routes for electrical operation 
will be the Great Eastern Railway, whose plans are prac- 
tically completed. It may be taken for granted that with 
the exception of the Brighton Company, the management 
of which is very desirous of extending electrical working 
to its main line trains, there will be no attempt to deal 
with main line electrification at the present time.—The 


Engineer, Sept. 16, 1921. 


Electrification of the Most Northerly Railroad.— 


‘The most northerly railroad of the world—namely, that 


connecting the Bottnian Bay with the Atlantic Ocean— 
built for the transportation of iron ore, is now being elec- 
trified. The installation of this work is not an easy task, 
the average temperature at the town of Kiruna, the start- 
ing point of the road, being one degree above freezing 
and the lowest temperature 60 deg. Fahr. below zero. An 
order for eleven electric locomotives has been placed with 
the German Siemens-Schuckert company and the A. E. G. 
of Berlin. These locomotives will be the most powerful 
ever built in Europe. They will have to haul freight trains 
of 2,000 tons. The four motors of each these engines 
have a total rating of 2.132 kw.—Electrical World. 


Applications of Electric Arc Welding 


Successful Welding Calls for Three Prime Requisites— Proper 
Equipment—Proper Materials and Necessary Skill 


HE first fall meeting of the Metropolitan section 
of the American Welding Society was held at the 
Engineering Societies Building, New York, on Sep- 

tember 20. The meeting was well attended and the pro- 
gram much appreciated. E. Wanamaker, electrical 
engineer of the Chicago, Rock Island & Pacific Rail- 
way, who has devoted much time and thought to the 
perfecting of the arc welding process and who has 
been largely responsible for the success which has 
been attained on the Rock Island lines, presented the 
following paper: 
Fellow Welding Men: 

I am going to begin this little discussion by ask- 
ing what seems to me to be the most vital and in- 
sinuating question today—what is it that is retarding 
the application of the electric arc welding process? 
For I. think. that most all of us, at least those of us 
who are pioneers in this new art and therefore en- 
thusiasts, know deep down in our own minds, that 
while we realize the progress has been fairly rapid, 
it has comparatively speaking, at least within the last 
two years, been very slow. 

My personal opinion is that this delay is due to 
the dissemination of an extraordinarily large amount 
of mis-information, and the withholding or lack of 
dissemination of necessary vital information facts 
and factors. In other words we found after a careful 
survey made during the past twelve months, that 
there is a befuddling haze surrounding the entire elec- 
tric arc welding process insofar as the average user 
of iron and steel products (including shop men, su- 
perintendents, engineers, managers, owners, etc.) are 
concerned. They have absolutely no correct knowledge 
as to the economic possibilities accruing to the users 
of this process, they practically all tell me, because 
they have been unable to secure any actual commer- 
cial data—they say that the manufacturers come to 
them and tell them a lot of things, but fail to produce 
any accurate specifications that will enable them to 
apply this process commercially in their individual 
businesses, so that it will be a money-maker for them. 
They tell me that to apply this process they must 
have the same information that they receive on other 
processes which they use in their everyday commer- 
cial business and they complain of the mystery and 
conflicting information they receive. They insist that 
what they require is definite and pointed information, 
both in general and in detail, so that they may form 
a decision, first as to whether or not they should use 
the process, and in case the decision be for its use, 
that they may be able to start immediately upon the 
right trail, or in the right direction, to secure eco- 
nomic results. 

Naturally, a business man will ask three questions, 


*The first part of a paper presented before the Metropolitan section of the 
American WM elding Scciety by. E. Wanamaker, electrical engineer of the 
Chicago, Rock Island and Pacific Railway. The second part of this paper 


will appear in the Nevember issue of the Railway Electrical Engineer. 


and it is only natural also that these three questions 
refer to what we as pioneers know as the three prime 
requisites in electric arc welding: 

First—What is the proper equipment to give us 
the most facile instrument or device—the one that 
will secure the best net economic results! 

Second—What is the proper material for the job in 
hand—the material that will produce a weld that will 
meet the task or load imposed upon it by all the dit- 
ferent factors that affect an electric arc weld, con- 
sidering impact, alternate and repeated stresses, 
fatiouenctc, 

Third—What is the skill required for our welding 
jobs, including skill in design of the job which is to 
be welded, or which might more economically be 
welded than performed by any other process? The 
skill required for supplying the accurate general and 
detail specifications for the jobs in hand, all of which 
skill is of an engineering nature. The supervisory 
skill is supervising the work and the operator’s skill 
is performing the actual welding operation so that all 
of the welds made will be uniform and safe. 

It has taken a vast amount of my time to make this 
survey but busy as I am, I feel amply repaid by the 
conclusions derived from the data obtained and these 
conclusions lead me to believe that this is no time, 
in the language of the late revered Theodore Roose- 
velt, for “pussy footing.” “Pussy footing’”’ has been one 
of the main factors in retarding the application and exten- 
sion of the electric arc welding process. 

I wonder how many of us have stopped to ponder 
and to realize that with all of our personal and in- 
dividual ideas, we have failed to join hands to look 
these three prime requisites in the face, and as a 
body of welding men, agree upon some definite in- 
formation to spread broadcast among the users of 
iron and steel—reliable specifications, complete in 
every detail from A to Z—facts and figures—so that 
any concern contemplating the use of this new art 
would not be misled into a haze or mistiness, which 
in a very short time will cause him to abandon the 
desire to make use of this new process. 

I am trying to appear before you this evening, not 
as one working to secure or spread inspiration, but 
as an applicant, or rather as an insistant, that we en- 
deavor now to stop our generalizing and, in the language 
of the street, “get down to brass tacks.” ; 

Sufficient demonstrations have now been made, 
that we need not fear so to do. As a matter of facte 
and record, if we may be pardoned for so saying, had 
we on the Rock Island Lines “pussy footed” and gen- 
eralized, we would not be doing the important electric 
welding that we are today. 

As you have noted from the title of this little talk 
“Practical Applications of the Electric Arc Welding 
Process,” I was invited here to talk to you on prac- 
tical applications, which must include “How are these 
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applications to be made?” It must be apparent to all 
that the first things to be considered are the three 
prime requisites. When plans and arrangements have 
been made so that the prospective user is enabled to 
comply with the demands of these three prime re- 
quisites, he is then in shape to begin the practical 
application of the electric arc welding process. 

It lies within the possibilities of the American Weld- 
ing Society to furnish much of the accurate informa- 
tion required, but they should not be expected to go 
thoroughly into the details and commercial aspects, 
such as are or would be necessary for any business, 
or business organization, using the electric welding 
process as a means of profit to themselves. There- 
fore, any business expecting to profit by the use of 
the electric arc welding process not only should, but 
must be willing to procure and make good use of 
the services of a fully qualified welding engineer. 

Any user of the process, whether he use one equip- 
ment or whether he use several hundred, should have 
the entire operation or operations, carefully and prop- 
erly planned from conception to conclusion. 

Every large user of this process, should before 
beginning use of same, arrange to secure the services 
of a fully qualified consulting welding engineer, to 
assist him in the arrangements, plans and preliminary 
welding, including the development of a first class 
welding engineer to remain permanently in the busi- 
ness. Certainly, if it be possible, it would be well for 
the large user to engage or employ a permanent weld- 
ing engineer at the outset, thus dispensing with the 
necessity for employing a consulting welding engi- 
Heer, 

Every small user should employ the services of a 
qualified consulting welding engineer, and just here 
it might be well to say, when we speak of welding 
engineers we mean a qualified welding engineer, as 
regards the electric arc welding process. Of course, 
in case it was a gas welding process that was being 
used, or was to be used, then the welding engineer 
should be fully qualified as a gas welding engineer. 

The welding engineer should be fully competent to 
direct the purchase of the necessary proper equip- 
ment and materials for his clients, for proceeding 
with the practice of the art he shoull also draw up 
complete general and detail specifications for their 
guidance, and each welding job should be included. 

It is true that there are but few fully qualified and 
fully competent welding engineers available today, 
but there is no doubt but that a plentiful supply of 
such welding engineers will be available as the work 
progresses and the demands for same increase. 

-I am strongly inclined to the belief that the suc- 
cess of the electric arc welding process on the Rock 
Island lines is primarily due to the foresight. and 
vision of W. J. Tollerton, general mechanical super- 
intendent, who some nine years ago came to the con- 
clusion that there were great possibilities in the elec- 
tric arc welding process, if same was properly developed 
and applied, and that great economics would accrue to 
the Rock Island lines through its use. 

Mr. Tollerton realized that if the development and 
application was to be successful, it would be neces- 
sary to develop a welding engineer, with a compe- 
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tent staff, to handle all of the branches of the sub- 
ject previously mentioned, including, as it were, the 
three prime requisites. 

Although the welding itself is a metallurgical proc- 
ess, the heat and heat control is developed by the elec- 
tric arc, and, in view of this fact, Mr. Tollerton de- 
cided that since | was a combination of mechanic and 
electrician (having come to the Rock Island as chief 
shop engineer, and afterward being made electrical 
engineer), that I was probably as well fitted for the 
work of welding engineer as any of our people, and 
the job was wished on me. 

When I began the study of this process, I was not 
very enthusiastic, but after a year or two, when I 
began to see the possibilities, | became what may be 
termed “an electric arc welding enthusiast,” and I am 
today glad, indeed, that Mr. Tollerton designated me 
to study and serve the Rock Island lines in the capac- 
ity of welding engineer. 

Insofar as we are concerned, we have found that 
the.three prime requisites, if successful electric arc 
welding is to be performed, are: 

First—The proper equipment. 

Second—The proper materials. 

Third—Requisite skill. 

The first of these necessitates an equipment that 
will give the actual heat application and heat control 
necessary to good autogenous welding, and one that 
will be the most facile possible to obtain. In other 
words, a skillful penman or artist can do much better 
work when supplied with the most workwise pen or 
brush—true, they might write or paint after a fashion 
with most any kind of an old pen or brush, even 
though far from suitable, yet the results would not 
be satisfactory. 

It is possible today to purchase electric arc weld- 
ing equipments that are satisfactory from a metal- 
lurgical standpoint, as well as from an electrical stand- 
point, and all qualified welding engineers are no doubt 
cognizant of the fact. However, it might be well to 
call attention to the following: 

In considering a question of such importance as 
that of rating autogenous welds, the prevailing spirit 
should be not only to safeguard against the misuse 
of autogenous welds, but also to avoid unwarranted 
restrictions which may hamper the development and 
progress of the art. The growth of the welding art 
has already been retarded due to lag in perfecting the 
minor refinements of the various phases and not to 
any fundamental objections to the basic principles, 
which remain practically the same as from the con- 
ception of the art. 

Many factors enter into the determination of the 
dependability of welded products. If proper con- 
sideration is given to these various factors, private and 
commercial interests should not be allowed to pre- 
dominate. In the past, they have not infrequently 
been allowed to become involved in the conclusion, 
often to the detriment to at least some phases of an 
art or industry. 

The volt-ampere characteristic and the stabilizing 
characteristic for are welding circuits, if proper for 
ease of welding, must facilitate rapid variation of 


current and voltage, in response to variation of arc 
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resistance. The shape of a volt-ampere curve of a 
welding circuit may be proper and yet entirely un- 
satisfactory for welding, due to its slowness in re- 
sponse to the rapidly changing arc resistance. 

The second primary factor—materials. There :s a 
certain correlation between the parts to be welded 
and the material to be used in welding the parts, 
which it is necessary to consider for all classes and 
types of autogenous welding. 

The thermal effect of localized heat on the struc- 
tural arrangement of many kinds of metal is well 
known and is thought to be of sufficient importance 
to justify limitations of composition of materials to 
be welded. The cross section and thermal capacity 
will affect to a considerable extent structural changes 
caused from the localized heat. 

The character of.the metal from which the weld is 
constituted is a most important consideration in the 
quality of the weld. It is commonly admitted that 
the greatest deficiency in gas or arc fused metal is 
due to its low resistance to torsional, transverse and 
fatigue stresses. So far, improvements have been 
made in this direction only by affording better pro- 
tection to the molten steel from atmospheric gases and 
by the use of alloy steels, the physical characteristics 
of which are not injured, but possibly improved by 
the heat cycle imposed by the welding conditions. 
Failure of welds due to strains of this character are 
also guarded against by reinforcement of the welded 
joint to a point greatly in excess of the elastic limit 
of the neighboring metal. 

The third primary factor—skill—is sub-divided into 
engineering skill, supervisory skill and operator’s 
skill—all of vital importance. 

Any job that is to be welded (whatever its nature) 
should—if the job is a new one, be designed with the 
view of facilitating autogenous welds. If the job be 
a repair job, the application of the autogenous welding 
process becomes a more difficult one, since the orig- 
inal design did not contemplate the use of autogenous 
welding. 

The supervisor of welding must be educated to 
become the go-between or medium of exchange be- 
tween the designing engineer and the operator in the 
field or in the shop. 

The operator in the field or shop is concerned pri- 
marily only with being able to properly fuse the 
metal into the weld when the proper specifications 
are furnished by the welding engineer and when 
properly supervised by the supervisors. 

Fortunately, today it is possible to obtain welding 
equipments having the characteristics necessary for 
securing good autogenous welds—that is, such equip- 
ments are very facile. Also it is today possible to se- 
cure welding materials required for the various jobs 
in hand. 

Unfortunately, there is a great dearth or scarcity 
of welding engineers, due to the infancy of the art and 
the natural inertia of the human being to take up 
that which is new and that which is not understood. 

Without these engineers, who have the requisite 
skill necessary, mis-selections or mis-choices are apt 
to be made by the people in the business field when 
they are purchasing welding equipments and welding 
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materials. Likewise, it is unfortunate that while we 
have many skilled operators, provided they are work- 
ing under skilled supervisors and engineers, it is evi- 
dent (and quite naturally so) that we have only a few 
skilled operators who can proceed to make uniformly 
good welds when left alone—that is, when furnished 
with improper equipment, improper materials, im- 
proper design and improper supervision. 

From the foregoing, it may be easily deduced that 
I am taking the part of the autogenous welding oper- 
ator, and in one way I am—he has certainly been one 
very much abused individual. I might well ask the 
question what we would expect of a boilermaker if 
some engineer did not properly design the job, pur- 
chase the proper material, design the proper tools, 
etc., in order that this boilermaker might shear some. 
sheets and drive some rivets. For instance, I have 
found that it is possible to secure uniformly good 
welds, provided the design, engineering for the job 
and the welding, has been properly performed, and 
competent supervision provided. 

Occasionally we have found a man who would not 
make a good welding operator and he was encour- 
aged to leave the welding art alone and work at 
something for which he was suited. Just here it 
might be well to say that an autogenous welding 
operator (referring now to the gas and electric 
process) requires a welding wrist, which is somewhat 
similar to the telegrapher’s wrist, or the wrist of an 
artist. There is a certain dexterity and movement 
required in securing good autogenous welds, in so far 
as the operator is concerned. A steady nerve and a 
quiet nerve is a highly important requisite, the same 
as with a skilled penman, and it is a well known fact 
that an artist, a penman or an expert telegrapher 
using the Morse key, cannot do good work if they are 
called upon to lift, heave and haul, and so strain their 
muscles, or upset or jar their nervous system. Hence, 
welding operators should not be called upon to do 
heavy manual labor. In other words, their welding 
wrist and nerves should be preserved. It may be that 
we are laughed at for making such a statement, but 
we have come to this conclusion after several years’ 
handling of more than 350 operators working only on 
high grade welding where the best equipment, ma- 
terial and skill is required. 

The ability of the welding operator has always been 
an unknown factor and probably always will be. A 
certain qualification of operators is obviously neces- 
sary. With proper design and prescribed methods of 
application and competent supervision, operators who 
have had the proper preliminary training and the usual 
amount of experience required to train the average 
student welder, will produce surprisingly uniform re- 
sults. ; 

The great differences in the efficiency of welds ob- 
tained by different operators have in some cases been 
due as much to the differences in design, methods of 
procedure, etc., as to the difference in the ability of 
the operators concerned. Sight should not be lost 
of the fact that most of the welding done in the past 
has been dependent upon the operator to work out 
all the facts enumerated above in addition to perform- 
ing the weld, and in many cases improper designs and 
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methods of application have been employed, resulting 
in many undue failures. 

The duty of the operator should only be to form the 
weld as physically sound as is humanly possible. The 
weld design, method of application and welding material 
best suited for the work at hand should be predeter- 
mined by test and research, according to the require- 
ments of the welding products. 

Equipment installation is an important factor. 
Having only two standard power voltages on the 
Rock Island, 440 volts 3-phase 60-cycle a. c., and 250 
volts d. c., we have only two types of welding equip- 
ments, as far as power supply is concerned. Each 
power outlet is provided with a safety type fuse 
switch and receptacle, with plug and power connector 
to correspond. This form of connection is used even 
where stationary equipments are in service, since at 
any time it may seem desirable, the stationary equip- 
ment may be transferred to some other point, and a 
portable equipment used where the stationary was 
formerly employed. 

Stationary equipments are used in shops where 
there is sufficient work always immediately adjacent 
to the equipments to keep them busy. We have found 
that a welding unit or equipment with a capacity of 
200 amperes for continuous welding (manual opera- 
tion), such as will permit the occasional use of ap- 
proximately 225 amperes for intermittent work, and 
in emergencies, 250 amperes for a short time, is best 
suited to our use for all ordinary work. 

We also use a very few similar equipments, ex- 
cept that the corresponding ratings are 300 amperes— 
approximately, 350 and 400. These machines are 
necessary where speed is an important factor when 
welding very heavy sections with large coated elec- 
trodes, the coated electrode making this possible. 

These equipments are all purchased according to 
Rock Island specification, which in brief is as follows: 

200 ampere capacity for continuous weld- 
ing duty (manual operation), 65 volt max. 
open circuit voltage, portable electric metal- 
lic arc welding equipment, complete with 
control panel and motor starter. Welder set 
to be equipped with radial ball bearings. 
Truck to ‘be equipped with ball or roller bear- 
ings. Cleat for 150 ft. of No. 2 cable, sheet 
metal cover with side and end curtains, to make 
entirely weatherproof. To operate on 3-phase, 
60-cycle, 440 volt, a. c. circuit. 

Motor to be constructed so as to be easily 
reconnected for 220 volts. In case the power 
circuit is d.c., the motor should be a 250 volt 
cimece Motor, 

The welder-shall be provided with suitable 
means for conveniently reversing polarity of 
welding circuit. The arc welder shall possess 
proper characteristics for good welding in all 
positions for are current values from 50 to 200 
amperes, as demonstrated by experienced 
operators, without causing undue fatigue on 
the part of the operator. 

Suitable means shall be provided for ad- 
justment of current from 50 to 200 amperes, 
in steps of not more than 7% amperes. 
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300 ampere capacity, portable electric metal- 
lic arc welding equipment, for continuous 
welding duty (manual operation) 65 volt max. 
open circuit voltage, complete with control 
panel and motor starter. 

Welder set to be equipped with radial ball 
bearings. Truck to be equipped with ball or 
roller bearings, cleat for 150 ft. of No. 0 cable, 
sheet metal cover with side and end curtains 
to make entirely weatherproof. To operate 
on 3 phase, 60 cycle, 440 volt, a. c. circuit. 

Motor to be constructed so as to be easily 
reconnected for 220 volts. In case the power 
circuit is d. c. the motor should be a 250 volt 
d. c. motor. 

The welders shall be provided with suitable 
means for conveniently reversing polarity of 
welding circuit. The arc welder shall possess 
proper characteristics for good welding in all 
positions for are current values from 50 to 
300 amperes. As demonstrated by experi- 
enced operators, without causing undue 
fatigue on the part of the operator. 

Suitable means shall be provided for ad- 
justment of current from 50 to 300 amperes, 
in steps of not more than 7% amperes. 

We now have practically every shop, terminal, car 
repair yard and roundhouse of any importance, 
equipped with electric arc welding equipments, and 
expect next year to equip even the turn-around points. 
We find, however, that we are having to increase the 
facilities at all points—in fact, there seems to be no 
end to the growth and development in the applica- 
tion of the arc process to motive power, rolling stock, 
tracks and structures. 

Due to the two standard voltages and our method 
of installation, we are able to use practically our en- 
tire equipment as a “flying squadron’—when the 
work or demand decreases at one point and increases 
at another, we are able to transfer the equipment, 
simply by loading into a box car or, if necessary, a 
baggage car, and shoot same to the point needed, 
where it is immediately available for service upon 
receipt. 

The application of this process to car work is grow- 
ing very rapidly just at present, and we will in all 
probability require a total of 150 equipments during 
the coming year. At the present time many of our 
equipments are double crewed and a few of them 
triple crewed. 

Some track work has been performed with the port- 
able shop equipments wherever power circuits were 
available. 

We are now developing district electric welding 
cars for track and structural welding. For instance, 
a good box car will be converted in one end for living 
quarters for the welding crew, consisting of at least 
two men for a single unit car and three men for a 
double unit car. The other end of this car has large 
end doors. Portable run ways are carried with the 
car and used for loading and unloading the electric 
welding unit or units, in case two are carried. 

These units are weatherproof and are built to the 
same specifications as the generators for our standard 
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welders, and are driven by high grade gas engines 
having smooth power impulse. The generator and 
engine are assembled on skids, which in turn are 
placed on well built push cars which may be moved 
about over the tracks from place to place by hand, 
or in case they are out on the line, can be trailed be- 
hind a section motor car. Each car is also equipped 
with a gas cutting torch and portable motor driven 
electric grinders and drills. 

Before this car is sent to a large yard for reclaim- 
ing track work, the track foreman in charge at that 
point is instructed to have all his foundation work, 
frog bolts, etc., put into first class condition by local 
force, so that the welding crew will have nothing to 
do but the welding. The work is handled in a similar 
manner when out on the line. This gives by far the 
greatest economy, and insures the actual welding 
work being performed by experts, who are not re- 
quired to do any other kind of work for reasons men- 
tioned heretofore in this paper. 

All of this welding, whether on carbon steel or 
manganese steel, is done with the coated high man- 
ganese electrode. Just here it might be well to state 
that in speaking of the electric arc welding process, 


as applied to our railroad, we automatically refer to’ 


the metallic arc welding process, as we do practically 
no carbon or graphite electrode welding at the pres- 
ent time, our endeavors having been confined to the 
development of metallic arc welding in view of its 
ereater simplicity and we feel, generally speaking, better 
results. 

We are glad indeed that we were so fortunte as to 
base our primary decision on the system method of 
equipment organization, as it has no doubt eliminated 
some very serious handicaps that might have other- 
wise occurred. At the same time we endeavored to 
build up a system organization, as regards the en- 
gineering, supervision and operation of this equip- 
ment, to the end that the greatest possible benefits 
might be obtained. 

The fact that the Rock Island lines have a most ex- 
cellent laboratory and test department, in charge of 
T. D. Sedwick, has been very much to our advantage, 
since the laboratory is especially well equipped for 
metallurgical work, and Mr. Sedwick and his staff 
are intensely interested in the development of the art, 
so it might be said that we had a foundation on which 
to start our operations. 

A $50,000 investment was made in the initial start 
for equipment, and one of my assistants, H. R. Pen- 
nington, who seemed to have a natural talent and ac- 
quired intense desire to become proficient in this new 
art, was appointed “Supervisor of Welding and Elec- 
trical Equipment.” As the work has increased, he 
has in turn been given two assistants, both of whom 
were boilermaker craftsmen, and who during the de- 
velopment of the art, became very proficient in all 
forms of autogenous welding and its application to 
all branches of railroad work. 

We carefully taught our electricians how to install 
and maintain all of the electric arc welding equipment 
—at the same time we endeavored to teach all the 
operators the necessary detail and to supervise their 
work, and endeavored to impart as much information 
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as possible to the heads of our motive power, rolling 
stock, and maintenance of way departments, includ- 
ing district officers, division engineers, shop superintend- 
ents, master mechanics, general foremen, foremen, etc., 
since it is necessary to have as many conversant with 
the art as possible, if success is to be obtained. 

All local points are encouraged to develop new 
methods and new applications of the art, same being 
checked by the supervisory organization before actual 
tests are made. All tests—both actual service and 
laboratory—are conjunctive. Indeed, we feel that it is 
the combination or co-operation of laboratory and 
practical service, research and tests, etc., that arem@e= 
sponsible for many of the good results obtained. 

The duties of the traveling supervisors and in- 
structors, as their title implies, consist in instructing, 
supervising and checking, so that no operators are - 
permitted to make important welds unless they have 
been approved by the welding supervisory organiza- 
tion. 

As the work progressed, it became necessary and 
highly desirable to prepare a general welding instruc- 
tion and standard practice, so that all who desired in- 
formation on this subject, would have a means of ac- 
quiring same in the shortest possible time—also, so 
welding operators could acquire all necessary detailed 
instructions such as would permit a great shortening 
in the period of time required for making a kinder- 
garten or student operator proficient enough to make 
revenue welds of the simplest kind and who within 2 
few months after attaining this stage, would be able 
to make the most important welds with uniformly 
good results. This specification at the same time out- 
lining the standard practice which should be followed 
for the various jobs or types of jobs, especially those 
with which difficulty might easily occur. 

This standard practice and instruction when com- 
pleted a few months ago (in the meantime we have 
had a couple of temporary practice and instruction 
books issued) as a result of two years’ continued ef- 
fort, was given the official identification of “specifica- 
tion No. 455-A.” This specification is copyrighted and 
the various books issued are given an individual num- 
ber, and when issued to the line, receipt is required 
for same, the books remaining the property of the 
company. These books are perpetual, and from time 
to time as revisions become necessary, they will be 
mailed out for inserting in the book in place of those 
parts. that are annulled. 

This specification is only about one-third up to date, 
and we hope during the coming winter to make up 
fully 50 per cent of the shortage, although develop- 
ments are continuing so rapidly that this may not be 
possible. However, it is our intention to keep this 
specification as near up to date as our combined ef- 
forts will permit. 

All of the departments and persons using the elec- 
tric welding art are now so interested in its develop- 
ment and further application, since they have learned 
the tremendous financial savings that are effected, that we 
have extreme difficulty in keeping up with them. 

Every arc welding job is a job in itself and if it is to 
be properly done so as to secure the best ultimate 
results, it should be fully covered by complete speci- 
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fication. 


It certainly is not within the scope of this 


paper to give a long list of detail specifications, but if 
we may be pardoned, we will at least give the table of 
contents from our copyrighted Rock Island lines elec- 
tric arc welding instructions and standard practice, 
spec. 455-A, in an endeavor to outline our general plan 
of handling specifications: 
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TABLE OF CONTENTS 


General Instructions 


EQUIPMENT FOR ARC WELDING 
ELECTRIC ARC 
Polarity for Welding 
Arc Length 
Arc Crater 
Arc Stability 
Are Current 
METAL TRANSFER ACROSS ARC 
a Down Welding 
b Overhead Welding 
ATMOSPHERIC EFFECT ON FUSED METAL 
ELECTRODE MATERIAL 
EQUIPMENT ACCESSORIES FOR WELDING 
Glasses and Face Shields 
Welding Table and Shields 
Electrode Holder 
Cleaning ~ 
Ground Clamp 
Carbon Block and Rods 
ARC MANIPULATION 
Establishing Arc 
Weaving 
Angle of Electrode 
Course of Electrode 
Procedure 
THERMAL DISTURBANCES 
' Expansicn and Contraction of Part Welded 
Contraction of part used in Metal. 
METHODS EMPLOYED TO RESIST EFFECTS OF CONTRAC- 


TION 
TYPE OF JOINT. AND DESIGN OF WELDS 
Butt Joint 
Lap Joint 
Strap Joint 
ae: [emt 
Plug Weld 
Weld Design 
Angle of Bevel 
INSPECTION OF WELD 
Visual Examination 
Penetration Test 
Physical Test _ 
COMMERCIAL GRADES OF IRON AND STEEL, AND THE 
WELDING OF EACH 
Tron Ore 
Cast Iron 
Semi-Steel 
White Cast Iron 
Malleable Cast Iron 
Wrought Iron 
Converter Steel 
a Bessemer 
b Open Hearth 
Phosphorus & Sulphur 
Silicon 
Nickel and 
Manganese 
Chromium 
Tungsten 
Welding of gray Cast Iron 
Welding of Semi-Steel 
Welding of White Cast Iron 
Welding of Malleable Cast Iron 
Welding of Wrought Iron 
Welding of Cast: Steel ; 
Welding of Steel Plates, Shapes and Forgings 
Welding of High Carbon Tocl Steel 
Welding of Heat-Treated Steel 
Welding of Brass and, Aluminum 
Welding of Bronze 


I. Group No. 
List of Electrcde Material 


Vanadium 


1—Electrodes 


Use of Electrodes 


II. Group No. 2—Boiler Welding 


GENERAL 
WELDED FIREBOXES—COMPLETE 
REINFORCING MUDRING CORNERS 
FLUE WELDING 
REMOVING DEFECTIVE PORTION OF FIREBOXES 
RULE GOVERNING FIREROX WELDING 

Side Sheets 

Door Sheets 

Flue Sheets 

Crown Sheets 

Mudring 

General 
APPLICATION OF SIDE, DOOR AND FLUE SHEETS 
APPLICATION OF DOOR HOLE COLLAR, DOOR SHEET 

AND FLUE SHEET FLANGED PATCHES a 

APPLICATION OF SIDE, DOOR AND FLUE SHEET PATCHES 
WELDING CRACKS, HOLES AND DEFECTS 

Knuckle» Cracks 

Staybolt Hole Fractures 

Door, Hole’ Radius Cracks 

Flue Sheet Bridge Cracks 

Stay-Hole and Washout Plug Holes 
MUDRING WELDING 
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1. FRAME WELDING 
Preparation of Frames 
Cleaning 


Allowance for Contraction 


Electrode Material 
Execution of Weld 
Marking 

2. PEDESTAL BINDERS 
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Group No. 3—Frame Welding 


IV. Group No. 4—Wheels 


APPLICATION 


Pwror 


vi. 
VII. 


Group No. 


CAST STEEL WHEEL CENTERS 
CAST IRON WHEEL CENTERS 

OF HUB LINERS 
BUILDING UP TIRES ON WHEELS 


V. Group No. 
6—Piston Rods and Crank Pins 


Group No. 7—Car Castings, Plates, Shapes, Etc. 


5—Axles 


CAST STEEL COUPLERS AND KNUCKLES 

CAST, PRESSED AND STRUCTURAL STEEL 

TRUCK SIDES, TRUCK AND BODY BOLSTERS 

DRAFT CASTINGS, CAR SILLS, POST BRACES, STAKES, 
CARLINES, SIDE AND END PLATES 


1. GENERAL 
Preparation of Fracture 
Electrode Material 


Cleaning 
Procedure 
Marking 
2 COUPLERS 
3. COUPLER KNUCKLES 
4, TRUCK SIDES AND BOLSTERS 
5. DRAFT CASTINGS AND CAR SILLS 
6. SIDE PLATES AND END PLATES 
VIII. Group No. 8— 


TRACK WORK 


Including Crossings, Frogs and Switches 
IRON AND STEEL STRUCTURES 


Including Tanks 


The following list includes many of the welding 
jobs that are performed as a regular practice. Un- 
der tracks are included crossings, frogs and switches. 
Under structures are included tanks and various types 
of fabricated steel structures, as well as some cast 
steel structures and a few cast iron structures. 


Fire Box 


Caulking edges welded 

Some fireboxes have been completely 
welded 

Grate studs welded to sheets 

Fire door, fractures welded 

Checked stay-bclt holes welded 

Fire door, patches welded on 

Studs welded to mudring 

Front flue sheets, fracture welded 

Crown sheet patches welded in 


Sheets welded to mudring corners 
Door sheet flange patches welded in 
Side sheets, fractures welded 
Nicholson Thermic Syphons welded 


in 
Side sheets, patches welded in 
Fire-door sheets welded in 
Side sheets, welded in 

Flues welded to flue sheets 
Door collars welded 


Boilers 


Front flue sheet, fractures welded 
Wash-out plug holes built up 

F B. stay-bolts welded 

Smcke box patches welded in 
Front flue sheets welded in 
Superheater pipe, built up 
Front end petticoat- pipes welded 


Spark arresters welded 
Front end studs welded to flue sheet 


Motion covers welded to running 
boards 

Device attachment studs welded to 
boiler 


Ash pans welded 


Frames and Attachments 


Belly braces, welded to frame 
Binders, built up 

Binders, liners welded to binders 
Binders, wedge bolt hole plugger 
Buckles welded to boiler 
Buckle sheet, holes plugged 
Buckle studs, welded to boiler 
Bumper castings built up 

Cab brackets welded to frame 
Deck casting fracture welded 


Frame posts welded in 

Frame braces, holes plugged 
Frame braces, welded to frame 
Frame post fractures welded 
Frame jaws, built<up Nat 
Frame splice, holés plugged up 
Front end casting, fractures welded 
Guide blocks, builtup 

Guide yokes, built up 

Guide yoke, fractures welded_ 


Equalizer fulcrum arms, fracture Guide yoke bracket, fractures welded 
welded Smoke arch brace, fractures welded 
Frames, builf up Tail pieces, built up 
Frame, fractures welded 
Cylinders 
Cylinder, fractures welded Broken bridges welded in 
Front cylinder head, fractures 
welded 


Running Gear Parts 


Welding collars to crank pins 

Crank pins built up 

Driving boxes, built up 

Driving box, fractures welded 

Driving box, shoes and wedges, 
welding broken flanges 

Engine truck pins, built up 

Tires, spots built up 

Driving wheel flanges built up 

Tires, welding shims to tires 


Connecting 


Main rods, built up 

Main rod straps, built up 

Rod straps, built up 

Rod straps strips, 
straps 


welded to rod 


Trailer boxes, lugs welded cn boxes 

Trailer tires, built up 

Trailer tires, spot welded to wheel 
center 


Trailer yoke, fractures welded 


Truck, fractures welded 

Truck bolsters, built up 

Truck frames, welded to center 
piece 


Truck side frame, fractures welded 
Wheel spoke, fractures welded 


Rods 
Side rods, reinforcing of side rods 
Side rods, collar-welded on side 


reds 
Side’ rods, lateral plates welded ov 
side rods 
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Cross Heads and Piston Rods 


Cress head, pin holes built up 
Straps welded on cross heads 
Piston collars, built -up 


Cross heads, built up 

Cress head, fractures welded 
Gibs welded on cross heads i F 
Cross head, holes plugged Pisten rods, built up 
Liners welded to cross heads Piston rod packing 
Cress head, pin built up on 


glands welded 


Valve Gear 


Motion pins, built up 

Mction plate, fractures welded 

Rocker arms, built up 

Rocker arm, fractures welded 

Tumbling shaft arm, fractures 
welded 


built up 


Blade pins, 
fractures welded 


Combinaticn lever, 
Eccentric arms, built up 
Eccentric keys, built up 
Link, holes plugged 

Link blocks, built up 


Link hangers, built up Valve yckes, built up 

Link pins, built up Valve yoke lugs, built up 

Link saddles, built up Valve yoke, stems built up 
Steam and Exhaust Pipes 

Dry pipes, fractures welded Nozzle stands, built up 


Exhaust pines, fractures welded Nezzle stand. holes plugged 


Brake and Spring Rigging 


Equalizer stands, built up 


posts built up 
Spring equalizer bushings, welded 


built up 


Brake hanger, 
Brake hangers, 


Brake hangers, welded to frames Spring saddles, built up. 
Equalizer fulcrum pins, built up [raler spring guides, built up 
Equalizer jaws, built up Truck equalizers, built up 

Tenders 
Axle collars, built up Cisterns repaired by welding 
Truck bolster fractures Tank, fractures welded 
Side bearings, built up Tank, gocse necks welded 

Cars 
Couplers. fractures welded -Car roots cn freight and passenger 
Couplers, wern places built up equipment welded ; 
Couplers, increased size of butts on Passenger car steps and vestibules 

5000 welded 


3uffer stems and castings welded 


Couplers to M. C. B. standard by 
Car body sheets: welded 


welding plates on to butts 


Knuckles built up Axle generator suspensions welded 

Truck side frames welded Battery and equipment box suspen- 

Truck and body bolsters welded sicns * welded 

Repairs made by welding, to steel Freight car carlines, braces, corner 
underframes posts, door posts, gussets, etc., 

Cast steel truck frames welded welded 


Not Classified 


Grease cups, welded to rods 

Link latch blocks, built up 

Motor car casting, fractures welded 

Reverse lever, fractures welded 

Reverse lever latches, built up 

Running board bracket, extensicns 
welded on 

Throttle latches, built up 

Track work 

Structures, 


Air pump pistcns, built up 

Bell crank, fractures welded 

Bushings, spct welded 

Chafing irons, built up 

Chafing iron, steel plate welded in 

Drawbar yokes, built up 

Drill press shafts, built up 

years door, fractures welded 
Gascline engine cylinder, fractures 
welded 


iron and _ steel 


* * % 


The second part of Mr. Wanamaker’s paper will ap- 


pear in the November issue of the Railway Electrical 
Engineer. 


On the Chilean State Railways 
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Making Screws Hold in Any Material 


There has recently been placed on the market a device 
known as the Rawlplug which permits fixing an ordinary 
screw so that it will hold in metal, plaster, brick, concrete, 
slate or glass. 

The Rawlplug is especially advantageous in railroad 
work for the original installation of interior trimming 
and fixtures for both steel and wooden coaches. Its use 
solves the problem of replacing screws in repair work 
on the interior of cars, as an old screw can be removed 
and again put in place permanently in the same hole by 
simply inserting a plug before placing the screw. The 
use of Rawlplugs in metal eliminates the need for tapping 
and thereby saves the time and labor required in doing 
this work. 

Rawlplugs are hollow tubes of stiffened, longitudinal 


Application of New Device 


strands of jute fibre, so cemented that once in place they 
never crumble or pulp and are said to be unaffected by 
moisture or temperature changes. They are installed by 
first making a hole with any common drilling tool or with 
the Rawlplug tool in the material into which the screw 
is to be fixed, this hole being the proper size to receive 
the Rawlplug with a sliding fit. The plug is inserted into 
the hole and as the screw is turned home in the plug 
the fibre strands expand and enter every minute pore of 


' the material, practically becoming an integral part of it. 


Rawlplugs are made in sizes to receive all screws from 
Number 1 to Number 32 and are furnished in % in, % 
in.,- 34 in., 1 in., 1% in. and 2 in. lengths. For coms 
venience, tools for forming holes for the plugs are made 
in sizes to correspond with plug and screw sizes. For 
example, a Number 8 tool makes a hole of the proper 
size to receive a Number 8 plug and a Number 8 screw. 
Any type of drill may be used, however, for making the 
holes to receive Rawlplugs. 

Tests conducted under actual working conditions 
showed that Rawlplug s withstood a direct pull, expressed 
in pounds, varying from 150 in plaster up to 600 in iron, 
or 1,250 in brick for a No. 14, 2: in screw. From this it 
is readily apparent that the holding property of the plug 
is ample to meet any conditions that would ordinarily 
be encountered in practice. 

Rawlplugs are packed in boxes of 100 plugs of any 
one or assorted sizes. There are also various complete 
kits which include plugs, screws and tools. This product 
is manufactured by the Rawlplug Company, New York, 
which is represented in the railroad field by the Universal 
Packing & Service Company, Chicago. 


Principles of Car Lighting by Electricity 


A Course of Practical Lessons Explaining the Main 
Details of This Important Application 


By Charles W. T. Stuart 


XV—Safety Car Lighting Equipment 


HE Safety Car Lighting Equipment consists of a gen- 
erator, driven by a belt from the car axle, a gen- 
erator regulator panel, a lamp regulator panel 

mounted in a cabinet inside or under the car body, and a 
storage battery which is suspended in a box under the 
car body. 

The fundamental principle of the Safety axle lighting 
system is a combination of constant current and constant 


electro motive force of the battery keeps rising and as the 
generator voltage is limited to 39 volts for lead batterics 
and 43 volts for Edison battery, the current will gradual- 
ly decrease or taper as the battery continues to charge. 
Thus, we start with a constant current charge and finish 
with a taper charge. 

The lamp regulator is a device for controlling the volt- 
age to the lamps, holding it constant between 30 and 31 


Fig. 


1—Sectional 


voltage control which results in a tapered charge. For 
example, starting with a fully discharged battery, assume 
that the generator is delivering a charging current to the 
battery that is held constant at 65 amperes. This is 
termed current regulation. The counter-electromotive 
force of the battery increases as the battery charges, and 
accordingly the generator voltage increases a sufficient 
amount to compensate for the increase in battery e. m. f., 
thereby sending a constant current of 65 amperes through 
the battery. This increase of battery and generator volt- 
age continues until the generator voltage has risen to 
approximately 39 volts for lead batteries and 43 volts for 
an Edison battery; then the voltage regulating coal goes 
into operation and holds the generator voltage constant 
at that amount. The operation is changed at this point 
from current to voltage regulation, because the counter- 


View of Dynamo 


volts when the battery or generator voltage is above that 
amount. 


Generator 


The generator, a cross-section of which is shown in 
Fig. 1, is a four-pole, shunt-wound machine designed to 
give sparkless commutation with the varying speeds and 
varying loads met with in car lighting. The Safety gen- 
erators are made for both body and truck suspensions. 
They are also made for high and low speed operation and 
in the following sizes: 1 kw., 2 kw., 2.6 kw., 3 kw., 4 kw. 
As far as possible, similar parts are made to be inter- 
changeable among the different sized: machines. This 
flexibility is a decided advantage. . 

The Safety generator consists of the following main 
parts: magnet frame, pole pieces, field coils and retainers, 
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armature, bearings, pole changer, brush rigging and 
brushes. 

The magnet frame G is a one-piece steel casting; the 
supporting lugs being cast solid with the frame. The 
housing heads C which carry the bearings are made of 
cast iron and bolted to the magnet frame at each end. 
Hand holes, with water and dust proof covers, are pro- 
vided at the commutator end for inspection purposes. 
The pole pieces, B, are of the laminated type, bolted to 
the magnet frame by through bolts with nuts and lock 
washers. This arrangement makes it impossible for the 
pole pieces and by field retainers D which are bolted to 
the magnet frame by through bolts with nuts and lock 
washers. The arrangement makes it impossible for the 
field coils to slip or wear by rubbing against the pole 
pieces. After being wound, the field coils are impreg- 
nated by the vacuum process with a material which makes 
them oil proof and water proof. The coil leads are flex- 
ible rubber covered wire soldered to the coil and securely 
taped six inches before coming through the insulation. 

The armature, A, is form wound with conductors hav- 
ing heat proof insulation. The coils are held in the core 
slots by hard fibre wedges; no band wires being used ex- 
cept at the ends, outside of the pole pieces. The arma- 


ture core is built up of transformer iron laminations, an~ 


Fig. 2—Rotating Type of Pole Changer Mounted on Housing Head 


nealed and insulated after punching. They are assembled 
under heavy pressure between malleable iron plates at 
each end. Air spaces are provided in the core to secure 
cool running. 

The commutator bars are of hard drawn copper with 
liberal wearing depth and ample area to carry the maxi- 
mum output of the generator. 

The risers, to which the armature coils are connected, 
are integral with the bar. The mica insulation is of the 
best grade amber mica, having the same rate of wear as 
the commutator bars. 

The armature shaft is made from high-grade steel ac- 
curately ground to size. All keys are secured to the 
shaft by screws, preventing any possibility of loose keys. 
The pulley in addition to having a tapered seat, is keved 
to the shaft and locked with a castellated nut and cotter 
pin. The bearings for the armature shaft are annular 
ball bearings, of a type especially developed for this ser- 
vice. The bearings are either pressed on a hub which 
is keyed to the shaft, insuring ease of application and 
removal, or bolted directly on the shaft where hubs are 
not needed. : 

A space is provided around the bearings for grease for 
lubrication. Greased grooves and felt washers prevent 
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the entrance of dirt into the bearings and the leakage of 
grease into portions of the dynamo where it should not go. 

The pole changer, Fig. 2, is of the rotating type, the 
direction of the current from the dynamo being kept 
constant by rotating the brushes through an angle of 90 
degrees whenever the direction of rotation of the arma- 
ture is changed. 

The four aluminum brush boxes are mounted on a 


Fig. 3—Brush Box and Brush Pressure Spring 


brush rocker and are insulated from it by mica bushings 
and mica washers with large creepage surfaces. This 
brush rocker is mounted on a ball bearing and is free 
to rotate between two stops 90 degrees apart on the head. 
While running in one direction, the friction caused by 
the pressure of the brushes against the commutator 
holds the brush rocker against one of the stops, with 
the brushes in the proper position for the sparkless 
commutation for this direction of rotation. Reversing 
the direction of rotation cattses the brush rocker to be 
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Fig. 4—Type ‘‘F’’ Dynamo Regulator 


turned over against the other stop, changing the po- 
sition of the brushes 90 degrees. The generator then 
gives the same polarity, although the direction of ro- 
tation has been reversed. 

The brushes are made of carbon and provided with 
flexible copper pigtails to give positive contact with the 
brush box, as may be seen in Fig. 3. Each brush is pro- 
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vided with a separate pressure spring of such design that 
the pressure on the brush is constant until the brush 
reaches its limit of wear. These springs are spiral 
springs provided with a yoke so that the spring is set for 
the proper pressure before it is applied to the brush 
holder, and needs no further adjustment. Neither is there 
any danger of the spring being distorted in application. 
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current output of the generator, the design being such 
that a current of 65 amperes, for the 2.6 kw. machines, 
produces sufficient magnetism to lift the plunger and reg- 
ulate the production of current. 

On the front or current regulating lever arm is a finger 
projecting in toward the panel so placed as to be directly 
under a similar outward projecting finger on the rear or 


SAFETY GENERATER CHARACTERI STICS 


pone 
2 kw. 
EPBUE LDS Gr Paper ch Stoica ash heyiehel s.«ahgi sve cotuons ene WSR PSII 3 kw 
(DENI REa go SA paren (Ry 25 50 75 
OD 6 OS ae rs eer 40 40 40 
Memammernspecd (Ro PINES... sss eee ccs 800 250 620 
34 low speed Seen rns ok 500 abe 700 
Memripad speed dr... cere eek 1000 333 870 
Weight of generator without pulley... 300 Ib. 775 lb. 480 Ib 
- “itil ay ANS RE, Oo ar ZO Ulbne2 Sate aad LSet 


Underframe =a Se iit 
4kw. 

4kw. 2.6kw. 3kw. Pullman 1lkw 2.6 kw. 3 
100 65 75 100 25 65 75 
40 40 40 40 40 40 40 
800 360 370 430 425 360 430 
850 440 425 600 425 440 475 
1000 650 500 725 550 650 600 

530%Ib. 720 1b. *745° 1b: 9700 ib. . 435: 1b. 700 lb. 770 Ib. 

150 lb. 140 1b. 178 1b. 205 Ib. 76 |b. 140 Ib. 178 Ib. 


The table gives the characteristics, weights, etc., of 
the Safety axle lighting generators. 


Generator Regulator 


The generator regulator panel, Fig. 4, consists of a 
slate panel on which are mounted the automatic switch, 
field rheostat or carbon pile, two solenoid coils with their 
respective plungers and connecting lever arms, main and 
field fuses, and two resistance units. 

The automatic switch consists of a fine wire shunt or 
lifting coil and a series or “kick off” coil of heavy copper 
ribbon, both surrounding an iron core which forms part of 
the magnet frame or yoke of the switch. At the bottom 
is pivoted a movable iron armature to which is attached 
the laminated conductor of the switch. The current flow- 
ing through the lifting coil induces in the iron core a mag- 
netic flux, the value of which varies with the amount of 
current flowing through the coil. At a generator volt- 
age of 33 volts the current through the lifting coil will 
have produced a magnetic flux of sufficient strength 
to lift upward the movable iron armature and. bring its 
laminated conductor into contact with a stationary brass 
contact block on the switch frame. These two. contact 
surfaces are protected by secondary carbon contacts so 
arranged as to be easily renewable. The lifting coil is 
connected in series with the small resistance unit which 
is located to the left of the automatic switch, and the 
circuit is then connected across the generator leads. The 
switch is set by the manufacturer to close at proper’ volt- 
age, and no adjusting of the armature should be neces- 
sary. . aes 

The field rheostat or carbon pile shown at the center 
of the regulator panel, Fig. 4, is connected in series with 
the field circuit. The resistance of this carbon pile is 
automatically adjusted by movement of the plungers of 
the regulating coils) The shunt or voltage regulating 
coil located at the left of the regulator panel, controls a 
plunger whose lever arm acts directly on the carbon pile. 
This coil is connected in series with the large resistance 
unit located on the regulator panel above the automatic 
switch, the circuit then being connected across the gen- 
erator leads. This resistance unit is so constructed that 
a small section of the resistance can be short circuited by 
a round brass rod fitted into suitable terminals. 

The series regulating coil located at the left of the reg- 
ulator panel in front of the voltage regulating coil is made 
of heavy copper ribbon through which flows the entire 


voltage regulating arm, These two fingers are sepa- 
rated by about 1/32 in. when the machine is inoperative, 
the position of the front arm then being determined by 
stop on the guide lever at the top of the solenoid frame. 
The stop should rest on the solenoid frame at this time, 
the position of the rear arm being determined by the 
length of the field carbon pile, this length depending upon 
the number of discs in the carbon pile. 

Movement of the rear lever arm is transmitted directly 
to the carbon pile, pressure on which is then increased or 
decreased, depending upon the direction of plunger move- 
ment. The front lever arm, however, is not connected 
directly to the carbon pile, but its movement is trans- 
mitted through two projecting fingers to the rear lever 
arm, and thence to the carbon pile. 

The movement of the two plungers and lever arms is 
dampened by two air dash pots, one connected to each 
arm. ‘These dash pots are located at the right side of the 
regulator panel, Fig. 4, below the main fuse. In the 
side of each dash pot shell is drilled a small hole to per- 
mit escape of air. 

The dash pot plungers are made of graphite. The 
dash pot shells are applied so that the vent hole points 
to the front, or nearly so, to facilitate inspection. 

There are no adjustments to be made on the generator 
regulator panel other than to the field carbon pile and the 
short circuiting bar at the large resistance unit. The 
field carbon pile should contain enough carbon discs to 
give a separation of 1/32 in. between the fingers of the 
two arms when the machine is inoperative. The short- 
circuiting bar should be closed when a lead battery is 
used and open when an Edison battery is used. The 
springs connected to the lever arms are adjusted at the 
factory and therefore no adjusting is necessary. 


Lamp Regulator 


The Safety lamp regulator, Fig. 5, consists of two piles 
of carbon discs and an electro-magnet. The two carbon 
piles are connected in parallel and these two piles in par- 
allel are connected in series with the lamps. 

The electro-magnet automatically controls the pressure 
on the carbon piles. It consists of a shunt coil with an 
iron frame and a movable armature which is mounted on 
a crank block. The crank block is mounted on ball bear- 
ings and connected through a link to a pressure plate at 
the left end of the carbon piles, the right end plates of 
the carbon piles being stationary. On the left end of 
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the link is a corrugated nut by means of which the regu- 
lator adjustments are made. The movement of the arma- 
ture is opposed by a spring, located directly back of 
the two carbon piles, and limited at each end by a stop. 
The two extreme positions of the armature correspond 
respectively to maximum and minimum pressure on the 
carbon piles. 

The shunt coil of the electro-magnet is connected in 
series with the resistance unit located at the bottom of 
the lamp regulator panel, and the two are then connected 
across the lighting circuit so that they receive the lamp 
voltage. The flow of current through the magnet coil 
induces in the iron core a magnetic flux the value of 
which varies with the amount of current flowing through 
the coil. The pull of this flux on the armature is op- 
posed by the pull of the spring, and the design is such that 
the pull of the spring and the pull of the electro-magnet 
will balance at 30.5 volts, thereby holding the lamp volt- 
age constant at that value. 

When the lamp voltage is high the magnet becomes 
stronger and pulls the armature down against the tension 
of the spring and reducing the pressure upon the carbons 
and increasing their resistance and bringing the lamp 
voltage back to normal. If the lamp voltage 1s low the 
magnet becomes weakened, the spring pulls armature 
back, and through the lever connection exerts enough 
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Fig. 5—Type F Lamp Regulator 


pressure on the carbon piles to decrease their resistance 
and bring the lamp voltage back to normal. 

An air dash pot of the same type as used on the gen- 
erator regulator is employed on the lamp regulator. All 
co-operating parts of the dynamo and lamp regulators 
are built up as units on metal frames. These frames are 
secured to the slate panels, but the operation of the parts 
is independent of the mounting on the slate panels. Any 
parts may be removed without disturbing the slate panel 
and all connections are accessible from the front. 

Voltage coils on both dynamo and lamp regulators are 
compensated for change in voltage, due to heating of the 
coil windings, by zero heat-co-efficient resistance placed 
in series with the coils. 
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Truck Suspension 


A Safety truck suspended generator is shown in Fig. 6. 
The generator is mounted on the car truck outside the 
end sill and driven by a belt from a pulley on the car 
axle. Fig. 7 shows the general arrangement as applied 
to a standard form of a cast steel truck. The generator 
is mounted on a frame carried on two bars which are 
supported by the truck. The four generator lugs C are 
drilled for two supporting shafts D, which pass “througm 
the lugs and through the solid links A, the links being as 
long as the eine between the lugs. The lower end 
of Cage link A is supported by a shaft which passes 
through the link and supporting frame B. The shafts 


Fig. 6—Details of Truck Suspension 


are locked in the lugs and supporting frame, the turning 
motion being confined to the bushings in links 4 on the 
shafts. This design provides a parallel suspension with 
points of support below the generator. The most impor- 
tant feature of this type of suspension is that it maintains 
constant belt tension, even when the belt stretches six 
inches. A tension spring bracket is bolted to the support- 
ing frame and the tension rod F is secured to the end 
of the shaft D with a tension spring FE held at a proper 
tension by the nut G. 

Excessive belt strains, sometimes consideeea necessary 
to prevent the belt slipping when the tension decreases 
due to the belt stretching, are eliminated by this design. 
The nut G can not be screwed beyond a predetermined 
position on the rod F, which limits the amount of tension 
an operator or inspector can apply. When the links 4 
are in a vertical position the belt tension is due only to 
the pull of the spring E. If the belt is of such a length 
that the links are inclined away from the truck, a part 
of the weight of the generator is added to the belt ten- 
sion, the amount depending upon the distance the gen- 
erator is off the vertical. In moving this distance the 
tension spring is somewhat released and gives less pull. 
The design is such that the loss of tension in the spring 
is equal to the additional tension due to the generator 
weight, and the total tension on the belt remains constant. 
If the links are inclined toward the truck, the weight of 
the generator is subtracted from the increased spring 
tension, and the belt tension is still maintained constant. 
All parts of the suspension subject to wear are lubricated 
—grease pockets with felt washers being provided. 

The arrangement for lining up the generator with the 
car axle is simple and easily operated. The supporting 
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frame B, is secured to the suspension irons by six bolts 
H. ‘The center bolt on the front side, or side farthest 
away from the truck, passes through a round hole in both 
the supporting frame and suspension iron. The holes in 
the supporting frame for the other five bolts are slotted 
so that the whole frame B can be swung around the 
center bolt. To line up the generator, it is only neces- 


sary to loosen up all the bolts, line up the machine by 
means of the two adjusting bolts 7, and lock it securely in 
position by means of the bolts H. 

Inspection of the dynamo or removal of pulley, arma- 


Fig. 7—Diagrammatic View of Truck Suspension 


ture, or heads whenever necessary is facilitated by the 
absence of long supporting bars giving clear space around 
the generator. 

In the illustration, it can be also noted that one side of 
the suspension is supported by a cross member fastened 
to side irons extending from the truck ends, while the 
other side is held by a bracket bolted directly to the end 
sill. This is a good arrangement, since the weight of 
the generator is distributed between the truck and side 


Fig. 8—Details of Body Suspension 


irons instead of having all the weight of the generator 
carried by the side irons. 


Body Suspension 


A Safety generator and body suspension is shown in 
Fig. 8. The generator lugs are pivoted to the suspension 
lugs B on the suspension casting by the shaft C. The 
suspension casting is bolted to a plate which is secured to 
the car underframe. The tension on the belt is applied 
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by the weight of the generator and by the tension spring 
D, which engages at one end with lug A on the generator 
frame, and at the other end with the bracket F, fastened 
to the suspension casting. The parts are so designed 
that the sum of these two varying factors is constant. 
When the generator is hanging so that its center of grav- 
ity is directly under the supporting bar C the weight adds 
nothing to the belt tension but the spring D has its 
greatest effect, since the leverage on which the spring 
acts is greatest. If the generator is swung toward the 
truck the weight of the generator is giving tension, but 
the pull of the spring is decreased as the leverage is short- 
ened; the sum of the two tensions being the same as in 
the first position. Ample latitude is provided between 
the two extreme positions of the generator to take care 
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Fig. 9—Wiring Diagram of 40-Volt Type ‘‘F’’ Regulators 
of belt stretch and the variation in distance between the 
generator and axle when the car is on a curved track. 

The tension spring D is assembled on a carrier, under 
the proper tension, so that to apply it to the suspension 
it is only necessary to slip the two pins through the holes 
in the carrier and corresponding holes in generator lug 
A and in the suspension bracket F. 


Operation 

Fig. 9 is a wiring diagram of the Safety Type F equip- 
ment and the operation is as follows: 

When the car is standing and generator inoperative 
the current to the lamps is furnished by the storage bat- 
tery. When the car is in motion the generator voltage 
will build up due to the residual magnetism of the field 
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pole pieces. At slow speeds there is generated in the 
armature a low voltage which forces a small amount of 
current through three parallel circuits, comprising the 
lifting coil J of the automatic switch, the field circuit, and 
the voltage regulating coil A. 

While the voltage regulating coil circuit is alive at this 
time it remains inoperative until the battery is fully 
charged. : 

As the speed of the armature increases and the current 
in the field circuit increases the field magnetic strength, 
the generator voltage aiso increases until it reaches 33 
volts, at which time the automatic switch H should close 
and connect the generator to the car wiring. 

The instant the automatic switch H closes, all circuits 
become energized, the machine furnishing current for 
any lamps that may be turned on, but delivering only a 
small amount of current to the battery. As the speed in- 
creases the generator voltage rises and increases the bat- 
tery charging current until the generator output reaches 
a value of 65 amperes for the 2.6 kw. equipment. As- 
suming the battery to be in a discharged condition, the 
generator voltage will now be about 35 to 38. The flow 
of this 65 amperes or total generator current through ihe 
series regulating coil S magnetizes the plunger of this 
solenoid and any increase in current above 65 amperes 
produces a magnetism of sufficient strength to lift the 
plunger and its lever arm, which movement is transmitted 
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Fig. 10—Battery Charging Curve With Type “F’’ Dynamo Regulator 


through the rear lever arm to the carbon pile C, increas- 
ing the resistance of this carbon pile and reducing the 
field magnetism until the current falls to its normal 
value of 65 amperes. In this way the generator output 
is held practically constant at all speeds when the battery 
is in need of charge. 

From the instant the generator starts to build up, the 
voltage regulating coil A is alive but the current through 
it is not sufficient to produce the magnetism necessary to 
lift its plunger. However, the generator voltage gradu- 
ally increases as the batteries become more fully chargcd, 
and this rise in voltage effects a corresponding gradual 
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increase in the current through the coil, until the battery 
is fully charged, when the generator voltage will be about 
39 volts for a lead battery and 43 volts for an Edison 
battery. The current through the voltage regulating coil 
A will then produce a sufficient magnetism to raise the 
plunger and decrease the pressure on the field carbon 
pile C, thus increasing the resistance of the field circuit, 
which reduces the magnetism in the pole pieces. Any 
tendency toward further rise in.generator voltage is met 
by a further lifting of the shunt coil plunger so that 
the maximum voltage obtainable, when a lead battery is 
used, is 39 volts. 

As the machine continues to operate after the batteries 
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have been fully charged the voltage will remain constant 
at 39 and the current will gradually taper as the counter 
e. m. f. of the battery increases. 

The voltage limit of 39 is for a lead battery. Whea 
Idison batteries are used a voltage of 43 is required for a 
full charge. This increase in regulated voltage is ob- 
tained by increasing the resistance of the voltage regulat- 
ing coil circuit. To do this it is only necessary to slide 
the small brass rod XY to the left. This removes the 
short circuit from a section of the resistance unit QO. By 
increasing the resistance of the. voltage regulating coil 
circuit in this manner the current in the circuit will not 
produce sufficient magnetism to lift the plunger and de- 
crease the carbon pile pressure until the generator voltage 
has reached 43. The brass rod should be bridged across 
a section of the Q unit when a lead battery is used and 
should be disconnected when an Edison battery is used. 

Fig. 10 is a lead battery charging curve of a Type F 
dynamo regulator. It may be noted that the charging i3 
constant current when the battery is not fully charged, and 
constant voltage when the battery is fully charged. 


Operation of the Lamp Regulator 
Referring to the wiring diagram Fig. 9 it may be 
noted that the current to the lamps from the battery or 
generator passes through the two carbon piles E which 
are connected in parallel. It may also be noted that the 
regulator coil circuit is connected across the lamp circuit 
on the load side of the carbon piles E. Therefore the 


_erator regulator are mounted on the same panel. 
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rheostatic effect of the carbon piles governs both the 
lamps and the operating circuit of the regulator. The 
lamp regulator is adjusted for a lamp voltage of 30.5 
volts. A sudden increase in speed will momentarily sub- 
ject the lamp circuit to a higher voltage, but the same 
high voltage is impressed upon the operating coil, forcing 
increased current through this circuit, which action re- 
sults in sufficient increase in magnetism to pull the arma- 
ture of the regulating magnet down to the left and de- 
crease the pressure on the carbon piles E. As this pres- 
stire is decreased, the voltage dissipated in the piles in- 
creases, with resultant reduction in lamp voltages. There- 
fore the voltage on the coil decreases with the lamp volt- 
age, which effects a reduction in the coil current and 
magnetism until the voltage is reduced to 30.5 volts. 
When this has taken place the pull of the magnet and op- 
posing spring will balance and no further movement will 
occur until there is a further change in voltage. 

If the lamp voltage drops below normal, the reverse 
action takes place. The spring then exerts the stronger 
force and pulls the armature to the right, increasing the 
pressure in the carbon piles E. This reduces the voltage 
drop in the piles and increases the voltage on the lamps 
and the coil until the magnetic pull again balances the 
pull of the spring. 


Safety F-1 Regulator 


The Safety F-1 regulator has been designed for use on 
cars having small loads. Its operation is practically the 
same as the Type F, just described. Both lamp and gen- 
The 
wiring diagram of the F-1 equipment is shown in Fig. 11. 


Safety F R Equipment 


The Safety F R equipment is designed for non-passen- 
ger carrying cars, where the question of close lamp regu- 
lation is not regarded as an essential. Instead of a variable 
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dynamo regulator is the F-1 with the exception that the 
main switch is of the solenoid type. 


F-2 and Pullman Type Safety Equipments 


The F-2 and Pullman Type Safety equipments were 
manufactured to comply with Pennsylvania Railroad and 
Pullman Specifications respectively and will be described 
fully in a later article. 


Electric Motive Power for 
Paulista Railway* 


WO passenger and two freight locomotives have 
been supplied by the Westinghouse Electric Inter- 

national Company for the Paulista Railway, Brazil. 

The freight locomotives are of the six-axle type, with 
two six-wheel articulated trucks. There are six axle- 
mounted motors rating 280 hp. each at the one-hour rat- 
ing. The motors are wound for 1,500 volts for operation 
two in series on 3,000 volts and are arranged for field 
control. Each motor drives its axle by a single flexible 
gear. 

The passenger locomotives have a 2-4-0 + 0-4-2 wheel 
arrangement and each driving axle is equipped with a 580 
hp., 3,000-volt twin motor and quill drive. 


Freight and Passenger Motor Parts Interchangeable 


The passenger and freight train weights and schedule 
speeds are such as to require locomotive horsepower rat- 
ings in almost exact ratio of four to three, so that by 
using eight armatures on the passenger locomotive and 
six on the freight locomotive it was possible to use the 
same identical motors in both services, except for the 
external frames. The passenger motors are in twin 
frames, while the freight motors are in axle and nose 
suspension frames, but the motors are identical electric- 


Two Baldwin-Westinghouse Electric Freight Locomotives for the Paulista Railway 


resistance in the lamp circuit, fixed resistances are used. 
These resistances are in series with the lamps when the 
dynamo is charging the battery, and short circuited when 
the lamps are lighted from the battery. The change is 
effected by a contactor operated by the main switch. The 


ally and all replacement parts, coils, complete armatures, 
field poles, brushes, armature bearings, etc., are inter- 
changeable throughout. This is, of course, a tremendous 


*Abstract of an article on the Paulista Railway electrification by S. B. 
Cooper, general engineering department, Westinghouse Electric and Manu- 
facturing Company, 
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operating advantage and is obtained without the sacrifice 
of fitness of type of each engine for its service. ihe 
freight locomotives operating at speeds up to 40 m. p. h. 
with comparatively light axle loads, have the mechanical 
simplicity inherent in axle-mounted motors and direct 
geared drive, while the passenger locomotives for speeds 
up to 65 m. p. h. have the advantages of high center of 
gravity and large proportion of spring-borne weight 
given by the quill drive. 


Mechanical Construction 


The frames are of solid slab steel with the openings 
drilled and burned out by torch. The brake rigging and 
equalizer parts are fitted with casehardened pins and 
bushings throughout, minimizing wear and facilitating 
replacement. The pedestal shoes are of bronze and the 
journal boxes are arranged for grease lubrication of 
the hub liners. 

The control equipment has been worked out to give 
the greatest possible degree of simplicity consistent with 
good engineering and the proper degree of operating flex- 
ibility. All switches required to break heavy current 
are of the unit type mounted in two rows just below the 
main grid resistors. Motor combination circuits for 
motoring and regenerating are set up by cam switch 
eroups and stabilizing resistor connections for regenera- 
tion are made by smaller unit switches without blowout 
coils. 

Continental type couplers with take-up screws are used 
on passenger cars, but only open links on freight equip- 
ment. For this reason it is particularly desirable to have 
a high degree of flexibility and smoothness in the control. 
This is accomplished by having three motor combinations 
of six, three and two armatures in a series on the freight 
giving, with field control notches, six run- 
ning speeds. The main handle on the master controller 
has 18 positions, giving a total of 54 notches. On the 
passenger locomotives the armatures are connected eight, 
four and two in series, giving six running speeds and 
54 notches. 

Regeneration is provided for in all three combinations, 
with 13 notches in each combination, giving a particu- 
larly wide range of regenerating speeds, a most desirable 
feature with the various classes of trains and varying 
grade conditions existing on the Paulista. 

The brake equipmenf consists of a combination of 
air and vacuum brakes. The space requirements for the 
cylinders made it impossible to use vacuum brakes on 
the locomotives, so they are equipped with air brakes. The 
control of the brakes is so arranged that air on the loco- 
motive and vacuum brakes on the train is handled from 
a single valve with uniform rates of application and re- 
lease. An independent straight air valve is provided 
for the separate control of the locomotive brakes as de- 
sired, thus making it possible to shut down the exhauster 
during light engine or switching movements. 

The auxiliary equipment is simply arranged; a single 
high voltage auxiliary motor-generator set furnishes 
power for control, lights, motor excitation during regen- 
eration and for the blowers, compressor and vacuum ex- 
hauster. The motors driving the exhauster and blowers 
are practically identical. The control and auxiliary equip- 
ment throughout is the same on the freight and passenger 
locomotives, excepting for such detailed differences as 


locomotives, 


RAILWAY ELECTRICAL ENGINEER 


Vol. 12, Nos 46 


are required for the control of six and eight armatures 
respectively. 


Provision for Future Conditions 


The traffic on the Paulista system is growing at a very 
healthy rate and even with double track it will not be 
many years before track capacity becomes a serious con- 
sideration. It seems probable that by that time both the 
Sao Paulo Railway and the Paulista Company will 
change over to M. C. .B. type couplers and therefore be 
able to handle much flarger trains. With this end in 


view, these locomotives have been equipped for multiple 
operation so that they can be double-headed with a single 
crew and handle 1,400-ton trains 


instead of 700. The 


Electric Passenger Locomotive 


bumper castings have been so designed that M. C. B. 
couplers can be very easily applied to replace the Con- 
tinental type. ba ~~ 


GENERAL DIMENSIONS AND RATINGS 


+e «= Ereight Passenger 

Wheel arrangement,....... Pear ehe. oF 0-6-0\+- 0-6-0 2-4-0-+0-4-2 
Rigid -wheelbase.-....... Beled Pea me . 24 ft.) Osis 8 ft. 4 in. 
Total whéelbase... 2-1. -c+ 7-0 37 ft O.in. 41 ft. 2 in. 
Length over !bufters;...4..~%% t5 2. > cars 250) tt. ais 52 -ft. 11 vine 
Total height over cah roof......... 12 ft. g72ins 12 ft. fine 
Total-height- with trclley down..... 14. ft. 10 in. 14ft. Ons 
Diameter driving wheels........... 40 in. 63 in. 
Total deweight edu ecw syrtes siseieerebenese 234,000: lb. 282,000 Ib. 
Wieight*onedrivers. 3... ssweicrl: 234,000 Ib. 206,000 Ib. 
INmibersof sMOtOTSs oe. ©). are eet ele 6 4 
Gear ratlOmadene tc. cneetaiisie silo) sioiemie 16:63 28:86 
One hour rating, per motor........ 280 hp, 560 hp. 
Locomotive ratings—short field: 

Horse power (one hour)........- 1,680 2,240 

Mractiviementactenn cy. «me tcieee« cise: 29,400 Ib. 19,400 lb. 

Speedje mipa We mnpete cus eareitet-ent 21.4 43.2 

Horse power (continuous)....... 1,350 1,800: 

racti vem etlOttie ernie cinder 21,600 14,300 

Speed, a uusne hemes iterate 23.4 47.2 
Tractive effort at 25% adhesion, Ib. 58,500 51,000 
Maximum safe speed, m.p.h...... 40 65 


The more important ratings and dimensions are shown 
in the table. Ratings are on the basis of the A. I. E. E. 
rules throughout, the continuous rating being based on 
85 deg. C. rise by thermometer, or 105 deg. C. rise by 
resistance, thus giving conservative total temperatures 
with the high air temperatures encountered at certain 
seasons in Brazil. 

The freight locomotives are now in Brazil ready for 
service, and the passenger locomotives have been com- 
pleted and shipped from the East Pittsburgh Works of 
the Westinghouse Electric & Manufacturing Company. 


Electrical Exports from the United States to Brazil 
during the first seven months of 1921 have amounted 
to $4,827,455 as compared with the total electrical ex- 
ports of 1920 which totaled $6,340,841. At the present 
rate Brazil should import from the United States 
during this year electric materials to the extent of 


about $8,000,000. 


: 


Electrification Report of the A. E. R. A. 


Committee Defines Heavy Electric Traction; Locomotives 
and Multiple Unit Cars Compared 


HE report of the Committee on Heavy Electric Trac- 
tion of the American Electric Railway Association 
was presented at the annual convention, recently 

held at Atlantic City, N. J. The committee outlined the 


work in progress by the A. E. R. A. and other societies 


in America interested in heavy electric traction, and sug- 
gested that much of the present duplication of work 
should be done away with. The term heavy electric trac- 
tion was defined as it applies to locomotives and multiple- 
unit equipment, a progress report on electric switching 
locomotives was made, comparative advantages of loco- 
motives and multiple-unit cars were outlined and much 
data presented in the form of charts, tables, and a bibli- 
ography. An abstract of the report follows: 

For the coming year the activities of the Committee on 
Electricity of the American Railway Engineering Asso- 
ciation will be in general a continuation of the investiga- 
tion of the problem of electrical interference, and a study 
of the water power situation in the United States. An 
attempt will be made to standardize and compile specifica- 
tions on overhead transmission line construction, as well 
as on such material as porcelain insulators; friction, rub- 
ber and other tapes; knife and snap switches, etc. 

In this connection there is presented below a resume of 


_ activities of other technical organizations interested ii 


heavy electric traction. 

THE INTERNATIONAL RAILWAY CONGRESS is collecting, 
through Mr. George Gibbs, chief engineer of electric trac- 
tion Long Island Railroad, for its report of 1922, general 
data on installation and operation of electrified railways. 
It is understood that the information will probably be tab- 
ulated and attention called to the advances made in the 


art of railway electrification since the last report of 1911. 


A great deal of very valuable information is being collected 
and the report promises to be of great interest. 

Tue NATIONAL ELEcTRICAL LIGHT ASsocIATION, Com- 
mittee on Electrification of Steam Railroads, has issued 
a brief general statement of progress and tendencies in 
electrification. This is an interesting report of a general 
nature in which are noted the advantages of electrifica- 
tion and the necessity of allowing the railroads an oppor- 
tunity to establish financial credit for electrifying. The 
N. E. L. A. has also issued a report on inductive inter 
ference, which, while it is of a general nature, is, never- 
theless, of considerable interest to those responsible for 
electric operation of railroads. 

THe AmerIcAN Rartway Association, Mechanicai 
Section, has the following electrification assignments: 1. 
Design of multiple-unit cars, passenger locomotives and 
freight locomotives. 2. Maintenance instructions of 
electric equipment. Each member of the committee has 
been requested to furnish as complete information as pos- 
sible on modifications which have been found necessary 
in existing electrical equipment. A sub-committee of 
which J. V. B. Duer, electrical engineer, Pennsylvania, is 
chairman is engaged in the preparation of a set of recom- 
mendations covering maintenance instructions for em- 
ployees engaged in maintaining electrical equipment. It és 
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understood that no report may be issued by this commit- 
tee this year, on account of financial conditions in the 
country. : 

THE ASSOCIATION OF RAILWAY ELECTRICAL ENGINEERS 
has co-operated with your committee through its heavy 
traction committee, of which J. R. Sloan, chief electrician, 
Pennsylvania, is chairman. The activities of that organ- 
ization for the coming year are as follows: 1. Revise last 
year’s report giving data on locomotives, track and trans- 
mission in accordance with corrected figures received from 
the railroads. 2. Extend the data by including multiple 
unit equipment cars. 3. Show profiles of the various rail- 
roads. 4. Show typical third rail and catenary construc- 
tion. The Association of Railway Electrical Engineers 
has issued questionnaires and obtained considerable data 
which will be of value. 

THE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
has confined its activities in the matter of heavy traction, 
this year, to work in connection with the Super-Power 
Survey in determining the power requirements of rail- 
roads in the North Atlantic district. 

The above information is presented with the thought 
that it indicates considerable duplication of effort in the 
heavy traction field. Furthermore, it is evident that con- 
siderable valuable work is being accomplished by other 
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technical organizations which would be of interest to 
the members of the American Electric Railway Associa- 
tion; and it is possible that the work of this association 
would be of interest to the membership of other organiza- 
tions. It is recommended, therefore, that an effort be 
made to co-ordinate the activities of various organizations 
with the view of eliminating so far as possible overlap- 
ping and duplication and of making more valuable to the 
profession the work of the technical committees, much of 
which represents considerable sacrifice of time and energy 
on the part of the members of the several committees. 


Heavy Electric Traction Defined 


There is presented herewith, tabulated information 
showing the characteristics of the electric locomotives 
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now in use on trunk line railroads in North and South 
America. Data of interest has also been compiied in con- 
nection with multiple-unit equipment at present in: opera- 
tion. Data on European railroad electrification is in 


process of compilation, but has not been made available 


for publication this year. 

The Paulista Railroad in South America has been in- 
cluded in the tabulated data. This railroad is not in oper- 
ation at the writing of this report but it will be completed 
before the end of the present year. Locomotives for this 


project have been furnished by both the Westinghouse | 


and General Electric Companies.* 

In order to limit the tables to reasonable size it was 
decided to include only those locomotives which weigh 
more than 80 tons, and multiple-unit equipment normaily 
operated in trains of four cars or more. It has been the 
thought of your committee that this general classifica- 
tion will include equipment normally considered as apply- 
ing to heavy traction. It is realized that there are in- 
stances where it is desirable to include equipment which 
does not strictly conform to these limits. In such cases 
an arbitrary departure from the limits set has been made. 
In some instances of multiple-unit equipment the motors 
were supplied by one manufacturer and the control equip- 
ment by another. 


Electric Switching 


The use of electric switches in heavy railroad operation 
has been relatively slight as compared with that of electric 
road engines. Two railroads only, the New York, New 
Haven & Hartford and the Chicago, Milwaukee & St. 
Paul have developed electric locomotives in connection 
with their electric operation especially for switching 
service. The New York Central, the Norfolk & Western 
and the Butte, Anaconda and Pacific Railroad and the 
Pennsylvania Railroad at New York City. do considerable 
switching with their electric road locomotives but natural- 
ly these engines are not especially ‘adapted to switching 
requirements. Inasmuch as satisfactory records are not 
available in regard to electric switching it is impossible at 
the present time to present data either as to relative costs 
or as to the number of cars switched by electric as com- 
pared with steam locomotives under same conditions. 

The Butte, Anaconda & Pacific Railway Company has 
developed a tractor truck in connection with their electric 
switching at Butte. These tractors consist of a truck, 
weighing about forty tons, with motors, which may be 
coupled to a road locomotive unit. The current collection 
and other functions are taken care of by the locomotive, 
the auxiliary equipment being connected by jumpers. The 
use of the auxiliary tractor is said to give fifty per cent 
more tractive effort, at about two-thirds the normal speed, 
when connected in series with a single locomotive. The 
device also accomplishes considerable saving in wear and 
tear on the resistance grids. 

A very large number of light electric locomotives 
weighing from twenty to sixty tons are in operation at 
the present time which are doing valuable work in in- 
dustrial switching, interurban freight service, etc. This 
type of engine is now practically standardized just as 
Street railway and interurban equipment has become 
standardized. The locomotives operate usually at either 
600 or 1,200 volts direct current. 


*The equipment firnished by the Westinghouse Electric and Mfg. Co, is 
described on nage 389 of this issue of the Railway Electrical Engineer, and 
that furnished by the General Electric Cc. in the issue of July, 1921. 
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Light storage battery locomotives have been employed 
to some extent for switching, A storage battery unit for 
yard switching is proposed and designs are under way. 
Certain advantages might be obtained by the use of a 
storage battery locomotive for switching, notably in terri- 
tory where the passage over any individual track is in- 
frequent. 


Locomotives or Multiple-Unit Trains? 


In suburban electrification of railroads the application 
of multiple-unit equipment provides a solution for many 
important problems. This has been especially noteworthy 
in the case of the Pennsylvania Railroad at Philadelphia, 
and the New York Central, New York, New Haven & 
Hartford, Long Island and New York, Westchester & 
Boston railroads in the vicinity of New York. Where 
both local and through service are operated electrically, 
however, the problem as to the relative amount of traffic 
to be handled by electric locomotives and by multiple unit 
equipment is somewhat complex, and any decision is 
necessarily based on local conditions. 

In general the advantages of multiple-unit equipment 
as compared to electric locomotives may be summarized as: 
follows: 

The long heavy multiple-unit train accelerates more 
quickly than a train of the same weight hauled by a 
locomotive. Where stops are frequent a material increase 
in scheduled speed is thus possible. 

In a multiple-unit train the motor equipment is varied 
to correspond to length of the train, and thus is often 
more efficiently used than is the case with the electric 
locomotive, which being of a fixed and definite size cannot 
be so easily adapted to varying requirements. 

The reliability of operation of multiple-unit equipment 
(several motive power units being employed in a train) 
is somewhat greater than that of electric locomotive equip- 
ment. In the event of a failure on the road, one of the 
motor cars may often be cut out of service electrically and 
the train thus enabled to reach the terminal with little or 
no delay by means of the remaining motors. 

The multiple-unit cars, being heated electrically in 
winter, are free from all difficulty connected with oil-burn- 
ing steam boilers, and although the cost of power thus 
used in heating may be considerable, this convenience of 
operation is valuable. One of the chief sources of ex- 
pense in maintenance of electric locomotives is the steam 
heating boiler. 

Perhaps the most important advantage of multiple-unié 
equipment as compared with electric locomotives is in 
switching, especially in crowded stub-end terminals. 
Locomotive-drawn trains, after arrival at the terminal 
must be backed out to free the locomotive. This extra 
double move is often necessary when the terminal tracks 
are most congested. The multiple-unit train on the other 
hand, practically as soon as it has reached the terminal, 
is ready for the return trip. 

There are some limitations, however, to multiple-unit 
operation as compared with electric locomotives. Mul- 
tiple-unit cars in general can be operated economically 
only over tracks equipped with an energized third rail 
or trolley (although occasionally this type of equipment 
is hauled outside the electric zone by steam locomotives for 
short distances), The result is that the cars are not avail- 
able for duty outside the electrified territory in the event 
of a local heavy traffic demand elsewhere. 
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The mileage of multiple-unit motor equipment is often 
less than that of an equivalent electric locomotive, on 
account of traffic limitations. The multiple-unit motive 
power cannot be interchanged between local and through 
trains. This means that owing to the limitations of traffic, 
especially in the case of the so-called “fleet movement” cf 
commuter’s trains (heavy traffic in the morning and even- 
ing with little mid-day travel) much of the multiple-unit 
equipment can make but one round trip a day. The elec- 
tric locomotive, on the other hand, which is available for 
hauling either local or through trains may be more in- 
tensively and thus more economically operated in this re- 
spect. 

The maintenance, reduced to a seat mile basis, is usually 
higher with multiple-unit equipment than in the case of 
electric locomotives and standard trailer coaches. 

The decision between multiple-unit and locomotive 
equipment in each individual case is governed by iocal con- 
siderations. The excess cost of multiple-unit car main- 
tenance is often offset by the saving made possible in 
terminal tracks, on account of elimination of switching 
requirements. In general, it may be said that each type 
of equipment has its definite place in the heavy traction 
field. 

In designing multiple-unit equipment there is some 
question as to the relative advantages of trains made up 
of all motor cars as compared with motor cars and trailers. 
This question involves careful study of equipment as well 
as terminal characteristics. One railroad which started 
electric operation with mixed motor car and trailer trains 
has since equipped all cars with motors, while another 
railroad which started operations with all motor cars has 
revised the initial policy by acquiring trailers. 


Charts, Table and Bibliography 


The chart showing the growth of steam railroad mile- 
age electrified and electric locomotive tonnage in heavy 
traction service in the United States and Canada indicated 
that track mileage and locomotive tonnage has increased 
at approximately a constant rate from 1905 to the present 
time, and that now there is something more than 2,600 
miles of track electrified and over 52,000 tons of locomo- 
tives in service in the United States and Canada. 


Discussion 


The greater part of the discussion was offered in the 
form of a short paper, presented by H. H. Norris, man- 
aging editor, Electric Railway Journal, suggesting how an 
American committee on electrification might be formed, 
and expressing the need of such a body as follows: 

“In opening the report this year with a synopsis of 


‘the electrification activities of the committees of the sev- 


eral national societies concerned with heavy traction, the 
committee has taken one step towards the formation of 
an American Committee on Electrification. The compila- 
tion shows that there is much duplication of effort among 
the committees, which could be avoided through the func- 
tioning of such a joint committee. Such a national com- 
mittee could act as a clearing house for all information 
on this subject. On one hand it could suggest topics ap- 
propriate for consideration by the several special com- 
mittees, and on the other hand could collect on its own 
account the data which would be of general interest. 
The value of a central, co-operative and unbiased agency 
of this kind would be very great. 
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“Tf and when resolutions are in order, the following 
might appropriately be passed: 

‘Resolved, that the executive committee be requested 
to issue to the proper executive bodies of the American 
Railway Engineering Association, the American Rail- 
way Association Mechanical Section, the National 
Electric Light Association, the American Institute of 
Electrical Engineers, the Association of Railway Electri- 
cal Engineers and such other organizations as the execu- 
tive committee may deem expedient, a suggestion that they 
appoint each two representatives on an American Com- 
mittee on Electrification, with a view to co-ordinating the 
activities of these several associations in collecting data 
regarding heavy traction, and in other ways promoting the 
study of the subject.’ 

“As an example of the kind of thing such a co-operative 
committee could do nothing would serve better than the 
elaborate bibliography which the committee has been able 
to present this year in collaboration with the Association 
of Railway Electrical Engineers. Here is illustrated co- 
operation on a limited scale. A joint committee could 
maintain such a bibliography continuously. This bibli- 
ography furnishes an excellent start. It will stand some 
editing and condensation. Having printed this year the 
complete list, the association might later provide a con- 
densed list of the most important articles, including a 
brief summary of the salient features of each. This could 
be made to include articles published up to the date of the 
completion of the list. The danger of unconscious pad- 
ding in a list of this sort lies in the fact that an important 
electrification is reported: by the leading domestic and 
foreign papers in all degrees of completeness and balance. 
The best one or two of these would suffice, although men- 
tion could be made in small type of a few other articles 
on the same subject for the benefit of those who might not 
have access to the papers mentioned first. 

“Tt is to be hoped that this bibliography will be used in 
such a way as to justify the considerable expense and 
effort involved in compiling and publishing it. It might 
be well to reprint it in pamphlet form for miscellaneous 
distribution. A nominal price could be put upon the 
pamphlet and the association could advertise it along with 
other prints, so that its existence would not be forgotten. 


“The compilation of the locomotive and multiple-unit 
car data, which the committee was able to get up with the 
co-operation of the two large manufacturers of heavy trac- 
tion equipment, is one of the outstanding features of 
the committee’s report and of the year’s work. Particu- 
larly noteworthy is the table of multiple-unit car data. 
The admixture therein of data regarding heavy multiple- 
unit car practice on steam roads, interurban lines and 
rapid-transit urban lines, together with the general simil- 
arity of these data, indicates the substantial similarity of 
short-haul, high-speed passenger service under these dif- 
ferent auspices. This is, we hope, a prophecy of the time 
when there will be a greater community of interest be- 
tween the steam and electric roads in relation to suburban 
passenger traffic. 

“Tt is unfortunate that the chart presented by the com- 
mittee shows a zero rate of increase in electrification in 
1920, after a steady, although smalfjsrate from 1905 on. 
This slump merely reflects the financial condition of the 
steam roads. It will cease when conditions improve. 
There are electrification projects now developing which 
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will at least restore the normal rate of increase; for ex- 
ample, the Lackawanna Railroad has been making definite 
plans for a considerable undertaking. The Illinois Cen- 
tral is, of course, on the eve of an important terminal 
electrification at Chicago. One of the most heartening 
announcements was recently made of a $7,000,000 con- 
tract for railroad electrification in Chile. 

“There has been some question as to the appropriateness 
of the electrification activity on the part of the American 
Electric Railway Engineering Association. The basis of 
this criticism is that the matter 1s properly one for the 
steam railroads to consider and push. It is true that no 
electrification project is possible unless the railroads are 
convinced of the savings that can thus be effected. At 
the same time we can well look at this matter from the 
other side. Electric traction, having demonstrated its 
success under steam road conditions, is looking for new 
fields to develop. It is to be expected, therefore, that 
initiative will be exerted by the electrical manufacturing 
and operating interests who are looking for new worlds 
to conquer. The steam railroads will necessarily be some- 
what conservative in regard to this matter, partly from 
financial consideration, partly because they have so much 
money and talent tied up with their steam equipment. 
The electrical interests have a ‘selling proposition’ of 

magnitude.” , 

J. H. Davis, electrical engineer, Baltimore & Ohio, 
called attention to the fact that the diagram accompany- 
ing the report indicates that the first electrification work 
in the United States was started in 1903, while actually 
it was done in 1895 

W. B..Potter, General .Electric Company, spoke of the 
activities in railway electrification in foreign countries and 
said that many steam railroads in this country were wait- 
ing only for more favorable circumstances. Comparative 
operating expenses of steam and electric traction, he said, 
have been fairly well established, and he closed his re- 
marks by prophesying that with better financial conditions 
and the development of super-power zones, electrification 
will progress rapidly. 

An innovation was introduced by L. C. Datz, chairman 
of the subjects committee, by reading the future plans of 
the committee at the close of the discussion, so that the 
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members might add suggestions before the plans were 
presented to the general committee for final approval. 
The proposed plans for next year, co-operation with the 
committees on electrification of other associations, a paper 
on results obtained in South America, continuation of the 
chart showing growth of electric traction and of the bibli- 
ography and the collection of more statistical data includ- 
ing costs and other values on ton-mile, car-mile, and loco- 
motive-mile basis. 


Welding Equipment 


Welding equipment consisting principally of a portable 
resistance and the necessary control switches has been 
placed on the market by the Automatic Electricai Devices 
Company, Cincinnati, Ohio. Various types of resistances 
are made for use on direct current circuits of from 50 to 


Welding Outfit for 250-Volt Direct Current Circuits 


550 volts and the complete outfit includes an electrode 
holder, a clamp for the power wire, two 10-foct flexible 
leads and a protective hood for the operator. The con 
plete outfit weighs from 80 to 100 lb., depending upon 
what voltage they are designed for, and all have a cur- 
rent range of from 15 to 215 amperes. The overall dimen- 
sions of the adjustable resistance are 20 in. x 24 
if oe . 


Photo by courtesy of the Mississippi Warricr Service 


One of the New Developments in Inland Waterway Transport 


Standards Applicable to Rail- 


road Electrification 


Power Should Be Developed at 25 Cycles and 
Use of Both Alternating and Direct 
Current on Trolley Continued 


N an effort to establish standards for electric traction 
| equipment, the Electrification of Railways Advisory 
Committee in England appealed to George Gibbs, chief 
engineer of electric traction, Long Island, for an expres- 
sion of opinion. The recommendations by the committee 
that power should be developed as three-phase alternating- 
current at the frequency which is in general use in the 
district and that 1,500 volts direct-current be used as a 
standard trolley voltage have given rise to much comment. 
Mr. Gibbs’ letter was subsequently published in the [n- 
gineer, London, substantially as follows: 


The Question of System 


I am not of opinion that at the present time one system 
of traction at a suitable pressure should be applied as a 
standard to meet all requirements of railway traffic. 
Admitting the advantages of standardization in general, 
yet I believe the establishment of any one system of 
electrification as standard for British railways would be 
a mistake at the present time, because: 

(1) It is too early in the state of the art to determine 
and fix the features of any system to the extent required 
for the purposes of complete standardization, and yet not 
restrict the future and desirable development of the sys- 
tem selected. 

(2) There does not exist sufficient and comparable 
operating data from which to conclude as to the relative 
advantages and disadvantages for the future of the two 
radically different systems most prominently before the 
railways today, 7. ¢e., the “direct-current” and the “alter- 
nating-current.’’ Both systems are workable and in use; 
each has its advocate in important manufacturing inter- 
ests, and able professional men differ as to which system 
should prevail. This competition of diverse minds in the 
development of these different systems is an important fac- 
tor in ensuring the future determination of the best sys- 
tem; it should not be discouraged by the premature 
exclusion of either system from trial in the present de- 
velopment period. 

(3) Neither system, as now developed and applied to 
a typical general case, differs greatly in first operating 
and upkeep costs; therefore, railways will not be greatly 
penalized except by hampering interchange, by being al- 
lowed to work out for the time being the full possibilities 
of the different systems. 

Per contra, | am in favor of certain exclusions and the 
fixing of certain general requirements of any permitted 
traction system: thus— 

(1) I recommend standardizing the location and clear- 
ances of third rail and overhead working conductors. 
Standards for these have been established for American 
railways by the American Railway Association. The 
figures will, of course, differ for British railways. 
Standardization of this kind will permit the continued de- 
velopment of both the alternating-current and direct-cur- 


rent systems of traction and will ensure interchange- 
ability of running requirements between roads using the 
same character of traction system. 

(2) Standardization suitable and safe limits for volt- 
ages in each of the two types of working conductors. 
These should be as follows: 

For third rail 600 volts (nominal) direct-current is 
recommended. A higher voltage than the above is, in 
my opinion, inadvisable for general railway usage, because 
employees or others who have access to the right-of-way 
cannot be effectively safeguarded from accidental con- 
tact with it. Contact with voltages of 1,200 to 1,500 is 
generally fatal to human life. 

The recommended voltage for overhead conductors is 
11,000 for the alternating-current system and 3,000 for 
the direct-current. 

In the case of the alternating-current system the max- 
imum is determined by the practical limit in maintaining 
insulation; 11,000 volts (nominal) is below this point, 
but experience indicates it is high enough for the heaviest 
kind of traction and is suitable for any class. A collector 
system carrying it can be installed and maintained prop- 
erly and economically within close permanent way and 
rolling equipment clearances. It should be noted, how- 
ever, that in an overhead wire system such as the three- 
phase, which requires two contact wires, insulated from 
each other and from earth, and two current collectors of 
different polarity, the practical voltage limit is consider- 
ably lower than 11,000. 

In case of a direct-current system maximum voltage is 
limited by other considerations than that of insulation of 
the working conductor. The demands of economy in dis- 
tribution and the problem of successful collection of cur- 
rent for heavy trains suggest the highest possible volt- 
age; on the other hand, the limitations in respect of its 
utilization in the train control and motors point to the 
desirability of low working voltage. For the general 
case I am of the opinion that 3,000 volts is the minimum 
requirement from: the standpoint of economy and _ suc- 
cessful current collection, and is the present maximum 
allowable for the other considerations. 


Frequency 


Current frequency should be standardized for traction 
systems in accordance with the requirements of such pur- 
pose and not by a compromise with the conflicting re- 
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quirements of another service. A frequency of 25 cycles 
per second is the best for both systems of traction recom- 
mended for trial, and should, therefore, be made the 
standard for traction generating plants. 


Power Generation 


High-pressure three-phase generation is suitable for 
both alternating-current and direct-current traction sys- 
tems, and may be made standard. 

The voltage at the generating’ plant may properly de- 
pend upon the local situation; it is quite’immaterial for 
standardization purposes» what this actually is, as the 
voltage is transformed for secondary distribution, and 
various primary voltages may be utilized in the traction 
installation of one railway. 

A consideration of “frequency” is highly important and 
no standard should be proposed which will exclude, ma- 
terially complicate, or hamper the development of either 
of the two systems suggested. 

One of the features making for simplification in the 
single-phase alternating-current system is that current 
from the generating plant is used in the working con- 
‘ductors without change, except, if desirable, by altering 
the voltage in a transformer. It is essential, however, 


that the “frequency” employed in the working conductors | 
If a higher gen- 


shall not exceed 25 cycles per second. 
erating frequency than the above is standardized it would 
complicate the alternating-current system; thus to utilize 
50 cycles it would be necessary either to employ “fre- 
quency changers” or to install in the central station sep- 
arate 25-cycle generators for railway purposes. The 
latter plan is employed to some extent in America, and it 
is found practicable for electric supply companies to in- 
stall in the same station high-frequency generators for 
commercial purposes and 25-cycle generators for railway 
work and provide one or two large motor units for inter- 
change of power between the two parts of the station. 

With the direct-current system which employs alternat- 
ing-current generation and transformation and conversion 
in sub-stations any desired frequency from 25 to 50 (or 
more) cycles may be used. Twenty-five cycles is, how- 
ever, not only a suitable standard for the direct current, 
but is from some considerations better than a higher fre- 
quency. Therefore: 

(1) Three-phase, 25-cycle generation at any desired 
voltage or voltages should be specified as a requirement 
to allow the flexible development of electric traction sys- 
tems. 

(2) Commercial power plants, which employ other fre- 
quencies, may be utilized for railway power purposes 
either directly in case of direct-current traction or by the 
installation of separate generators and motor generator 
tie-in sets, or frequency changers in the case of-the alter- 
nating-current traction. 


Costs 


The investigation of the Chicago Association of Com- 
merce is probably the best source of information which 
has appeared to date regarding the details of first and 
operating costs of electric systems. This report was com- 
pleted in 1915. It covers a minute investigation of a 
great railway problem within a compact area of 428 
square miles in and around a very large city. Within 
this area thirty-nine different railway companies operate 
dense passenger, freight and switching services over a 
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network of tracks comprising an aggregate mileage of 
4,500. The net first cost of the equipment required. to 
operate this entire system electrically was estimated and 
analyzed with great care for three different systems and 
gave the following results: Direct current, 600 volts, 
third rail, $188,132,314; direct current, 2,400 volts, over- 
head, $181,891,122; single-phase alternating current, 11,- 
000 volts, overhead, $178,127,230. In other words the 
first cost was substantially the same for all three systems. 
This conclusion is, of course, for short-haul conditions; 
for long-distance haulage the showing for the high-ten- 
sion system, as compared with the third rail, would be 
better. For average conditions estimates I have made 
on important projects indicate a first cost difference of 
15 to 20 per cent in favor of the high-tension overhead 
alternating-current or direct-current trolley systems as 
compared with the direct-current third rail, and of the 
two high-tension systems the alternating current appears 
in every case to cost less than direct current. 

As to operating costs, the Chicago report showed for 
items affected, a substantial saving per train mile as com- 
pared with steam. The saving was least in case of the 600- 
volt third-rail system and greatest for the 11,000-volt 
alternating-current system, but there was not a very great 
difference between the latter and the 2,400-volt ‘“over- 
head” system. The conditions, however, in the Chicago 
district are somewhat peculiar; for the average railway 
condition, estimates indicate differences of 10 to 16 per 
cent in favor of the high-tension trolley systems as com- 
pared with the 600-volt direct-current third rail and the 
high-tension alternating current appears in every case to 
be more economical than the high-tension direct current. 


Factors Affecting the Selection of a System 


The important considerations governing the selection 
of a system are: 

(1) Adaptability to all physical conditions of the rail- 
ways. 

(2) Economy in first and operating costs. 

(3) Flexibility as regards conducting varying kinds 
and volumes of traffic. 

(4) Suitability for extension. 

(5) Possibilities as regards future advance in the art 
and improvements in details. 

I would work, as far as consistent with the above, to- 
wards the elimination of systems which are applicable to 
special cases only. This, as before indicated, would nar- 
row the selection to the adoption of one of the high- 
tension overhead conductor systems. 

The 600-volt third-rail direct-current system would 
only be considered for extensions to existing installations 
or for very special cases. 

The 1,500-volt direct-current system could only be 
adopted with an overhead conductor and for light traffic 
requirements ; 1,500-volt third rail cannot be used general- — 
ly because of its danger to life. The 1,500-volt system is 
an interim development only. Higher voltage direct- 
current systems, such as the 3,000-volt system, have 
promise for the future and their development should be 
allowed to continue unhampered. 

The 11,000-volt altenating-current system likewise has 
a broad field of usefulness and promises well for future 
development. 

The selection, therefore, of a proper system for general 
use appears to lie between the 3,000-volt direct current 
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and the 11,000-volt alternating current. I have referred 
to the existing difference of opinion as to these two 
systems, and since I am not recommending the elimination 
of either from adoption at present, it is unnecessary for 
me to indicate my preference. I should approach any 
concrete problem upon its merits along the lines laid 
down, having regard to the latest experience and facts 
as to the state of the art at the time when decision is 
to be made. 


Report of French Commission Not Well Founded 


I have looked through the voluminous report of the 
French Commission on ‘Electric Traction, and, frankly, its 
conclusions do not seem to be well founded on the data 
presented. Perhaps the commission has arrived at a cor- 
rect conclusion, having regard to the particular conditions 
in France, but the reasons given for condemning the 
single-phase system seem inadequate and largely the re- 
sults of a “scare” as regards the inductive interference 
question. The commission seems to have been dominated 
by telephone and telegraph experts. It also seems to have 
been greatly influenced by reports of the high cost of 
maintenance of the alternating current, which, they state, 
is at least double that of direct current, a conclusion 
which is absurd. No effort seems to have been made to 
equate operating conditions in comparing systems, and 
I doubt if the commission really had any accurate figures 
of cost of maintenance of the alternating current. It does 
not seem to have attached much importance to the future 
trend of development and possibilities in connection with 
both alternating-current and direct-current traction. 


English Report Disappointing 

I was interested, and disappointed, in reading the In- 
terim Report of the Advisory Committee on Electrifica- 
tion of Railways. It would be valuable to know what 
reasons led the committee to the adoption of the 1,500- 
volt direct-current as standard. I think a mistake has 
been made, even if it should prove to be the eventual 
system, because the adoption of any standard now is 
going to put the development of electric traction in a 
straight jacket. The development of both the alternat- 
ing-current and the direct-current systems should con- 
tinue in order to get the best results finally from electri- 
fication. 
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Bench Type Spot Welder 


A new spot welding machine of the bench type, hav- 
ing a capacity of two pieces of No. 30 to No. 16 gage 
sheet metal, has recently been put on the market by the 
Taylor Welder Company of Warren, Ohio. The ma- 
chine has a cast copper frame which acts asa,secondary 
and adds to its efficiency. Two horns of cold drawn cop- 
per 1% in. in diameter protrude from the machine, the 
upper horn being capable of movement through a dis- 
tance of one inch. The lower horn is made adjustable 


by drilling three sets of holes in the base of the frame and 
setting the horn to suit the work, a long electrode being 


Bench Spot Welder with Water Cooled Welding Horns 


furnished to meet this condition. With the lower horn 
in its highest position the distance between the two horns 
is three inches. This distance can be increased to five 
inches when the lower horn is in its lowest position. The 
transformer has a capacity of 3 kw. and a 4-step regula- 
tor is used for adjusting the current. Cooling is effected 
by the circulation of water through both the upper and 
lower horns. The floor space occupied by the machine 
is 10 in. by 17 in. and the extreme height from the bench 
is 12 in. An automatic single pole switch closes the 
circuit, and the upper horn and contact point is brought 
against the work by the operation of a foot pedal, not 
shown in the illustration. The approximate weight of the 
machine is 150 Ibs. 


South 


End of the Cedar Hill Yards of the New Haven 


Tool for Pole Shoe Bolt 


By E. R. CHINBERG, 


ELECTRICAL FOREMAN, CHICAGO, Rock ISLAND & PACIFIC 
RAILROAD. 


To the many car lighting electricians who have skinned 
their knuckles and “cussed” and had hard work in gen- 
eral while trying to remove the pole shoe bolt in a 2.6 
kw. car lighting generator, I wish to describe a tool, the 
use of which eliminates the necessity and cause of the 
“cussing” and hard luck. 

The nuts on these bolts are usually very hard to re- 
move on account of the rusting and corrosion on the 
bolt and nut, and on account of the bolt having a flat 
head countersunk into the pole shoe -it is not possible to 
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Details of Construction 


hold them with a wrench. As the heads are slotted 
usually, a chisel is ground to the shape of a large screw 
driver and held with a small pipe wrench, after which 
the nuts are screwed off or on as desired. This process 
is usually accompanied by hard luck, however, and a 
great deal of time is unnecessarily consumed. 

In using the pole shoe holt clamp, the sleeve should be 
backed off until it is against the head of the opposite bolt 
—the countersinking in the pole shoe will keep the clamp 
from slipping. The more difficult it is to remove the 
nut, the more the sleeve will unscrew and the tighter the 
bolt will be held, due to the action of the right-hand 
threaded sleeve. For particularly obstinate bolts, a %-in. 
hole is provided in the shank of the screw driver so that 
a small rod can be used to assist in holding the pole shoe 
bolt. In applying the nut, the clamp has to be tightened 
up with a wrench. 

Fig. 1. shows the dimensions in detail for making the 
screw driver which should be made from soft steel and 
tempered the same as for screw driver service. Fig. 2 
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shows the details of the sleeve which is merely a ¥% 
hexagon nut, welded to a piece of 34-in. conduit and 
ground off smooth. 


How ‘Hard Times” Start 


Across the editorial desk from some unremembered 
source came a little bit of French allegory. 

A portrait painter sat in his favorite cafe sipping his 
wine. His first small bottle finished, he was about to 
order more, when his eye fell on a headline in the Figaro, 
“Hard Times Are Coming,” so instead of ordering his 
usual second bottle he called for his check. 

“Ts there anything wrong with the wine?” asked the 
landlord. 

“The wine is good, but I did not order a second bottle 
because hard times are coming; and we must economize, 
explained the artist. 

“Hard times,” said the landlord. ““Then my wife must 
not order the silk dress we planned, but must take one 
of cotton.” 

“Hard times,’ repeated the dressmaker when the order 
was canceled. “This is no time to expand. I must not 
make the improvements I had planned in the place.” 

“Hard times, eh?” said the builder when the dress- 
maker canceled the building plans. “Then I cannot have 
my wife’s portrait painted.” 

So he wrote to the artist and canceled his order. 

After receiving the letter the artist went again to his 
favorite cafe and ordered a small bottle of wine to soothe 
him. On a nearby chair was the paper in which he had 
read of hard times two days before. He picked it up 
to read more closely, and found it was two years old! 
—Kiwani’s Magazine. 


Ticket Gamblers 


Two men were waiting for a train and one said: “I 
will ask you a question, and if I cannot answer my own 
question, I will buy the tickets. Then you ask a question, 
and if you can not answer your own, you buy the tickets.” 

The other agreed to this.. 

“Well,” the first man said, ‘you see those rabbit 
holes? How do they dig those holes without leaving any 
dirt around them?” 

The other confessed: “I don’t know. 
question, so answer it yourself.” 

The first man winked and replied: 
the bottom and dig up!” 


That’s your 


“They begin at 
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“But,” said the second man, 
bottom to begin?” 

“That’s your question,” 
“Answer it yourself.” 

The other man bought the tickets—Boston Post. 


“how do they get at the 


was the first man’s rejoiner. 


Not for Her 


An old dame at a railway station asked a porter where 
she could get her ticket. The man pointed in the direc- 
tion of the ticket office. “You can get it there,” he said, 
“through the pigeonhole.’’ 

“Get away with you, idiot!’ she exclaimed. 
can I get through that little hole? 
—Houston Post. 


“How 


I ain’t no pigeon!” 


jl Ce i “as 


Mica a 


Answers to Last Month’s Questions 


tT. Gwe formula for magnetizing a steel bar, size 6 
m. by 1% in. by V4 in.; state length of wire, size, voltage 
and current; also the length of time required to magnet- 
ise this bar. 

2. Gwe test to determine if the bar is thoroughly 
magnetized. 

3. If a magnet loses its strength, can it be magnetized 
to its normal strength?—A. H. M. 

Po 

1. Steel bar magnets differ considerably from electro- 
magnets made of soft iron. Soft iron cores, when sub- 
jected to sufficient magnetizing force, become saturated 
with magnetism, that is, a point is reached in their 
magnetization beyond which no amount of magnetizing 
force produces any appreciable increase in magnetization. 
For making permanent magnets, good close-grained 
rolled steel, that has not been heated, since it was made, 
is best. The steel is first tempered glass hard by heating 
it to a moderately bright red temperature and plunging 
it edgewise into water or oil. The magnetism of the 
permanent magnet, however, differs from the electro- 
magnet in that the magnetism in the former resides al- 
most exclusively in the surface of the bar. The process 
of magnetizing a steel bar after it has been hardened 
usually consists of placing the bar in a strong magnetic 
field of a solenoid. A magnetic field of sufficient strength 
to magnetize to saturation a soft iron bar of the same size 
will be sufficient to magnetize the steel bar, described, al- 
though the permanent magnet will never be as strong 
magnetically as the electro-magnet. A soft iron bar 
magnetized to saturation has a flux density of about 
110,000 lines of force per square inch. To produce 
this flux density, a magnetomotive force of 300 ampere 
turns per inch of length is required. The length of the 
bar stated in the question is 6 in.; hence, the total mag- 
netizing force should be 300x6, or 1800 ampere turns. 
It will be seen, therefore, that the voltage and length of 
wire are not the determining factors. Any product of 
turns and amperes which will produce 1800 will give the 
desired results regardless of the voltage of the circuit 
or the size of the wire. The time required to magnetize 
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the steel bar is very brief, as it is only necessary to place 
the bar in such a solenoid with the current on, and remove 
it almost immediately. 

2. There is no simple test whereby it can be determined 
whether or not a steel bar is thoroughly magnetized. 
About the only guide there is, is to compare the lifting 
power, or attractive power, of the magnet after it has 
been placed in a strong magnetic field, with the magnetic 
strength of the same bar after it has been used and has 
received more or less jars and knocks. 

3. A magnet which has lost its magnetism can be 
again magnetized to normal strength by placing it in 
the magnetic field in the same way in which it was 
magnetized at first. 

ie 
Questions for October 


1. I recently had to make a few changes in a call bell 
system, which at first seemed to be quite difficult. The 
job was to install two extra bells and pushes. The addi- 
tional equipment consisted of another bell at station A, 
to be operated from a push button at station B, and a 
second bell to be situated at station B to be operated 
from a push button at station A, This equipment was in 
addition to the two buszers already in operation at the 
respective stations. Between station A and station B 
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Push 2 


A 
— 


Push | 


Battery 
| _|Bell3 |__|Bell4 
©) Push4 (¢) Push 3 
Station "A" Station" B" 


Diagram Referred to in Question No. 1 


there was a stretch of 800 feet with several floors of 
hardwood and concrete and for a distance of 300 feet the 
wires ran underground. With 50 feet of wire on hand, 
and no means of obtaining any more, it was required that 
the job be done in a hurry. I did have, however, plenty 
of switches and push buttons of various kinds and also 
plenty of dry cells. I would like to see some of the solu- 
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Diagram Referred to in Question No. 2 


tions from other readers of the Railway Electrical Engi- 
neer. I believe there are plenty of ways to hook up this 
little system.—aA. H. M. 

2. I have run across a problem that puzzles me or else 
there is something missing. I am sending you the prob- 
lem to get some information and I would like to have 
you put it in the Question Corner and give an explana- 
tion how to work it. 

The generator in the sketch delivers 6 kw. to the line 
and the motor uses 5.7 kw. It is required to find the (a) 
watts lost in the line; (b) voltage and current of the 
motor (c) Brush potential of generator.—C. D. F. 


A New Conduit Bender 


A new pipe type bending tool, known as the E-Z 
conduit bender, has been recently placed on the market 
by the Henderson Electric Company, Ampere, N. J. The 

== bending bosses of this tool are 
located in such a position as to 
bend the conduit with the least 
effort. The thread shown is for a 
one inch pipe handle which should 
be. about three and one half feet 
long. The tool may also be used 
as a stationary bender by resting 
the end of the handle on the floor 
at an angle and fastening the 
bender head to a post or bench 
qwith a lag screw or bolt through 
#the hole shown in the illustration. 
Any bend or combination of bends in half inch conduit 
may be made with the work in sight at all times. The 
bending is done in a deep, open groove, the same size 
as the conduit. The sides of the groove serve to keep 
the conduit from kinking or flattening and they also 
grip the conduit as soon as the bending starts which 
prevents slipping. 

Used as a hand bender, it will grip and bend a straight 
or bent conduit. By reversing the bender head, bends 
already made can be straightented or adjusted. 
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The E-Z Conduit 
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Portable Lamp with Guard 


A new type of portable lamp, which is light, strong 
and easy to wire, has been placed on the market by 
Russell & Stoll Company, New York. The casing en- 
tirely surrounds the socket and extends along the lamp 
to a point nearly opposite the base of the filament, thus 
affording protection for the socket, as well as guarding 
the lamp, without materially interfering with the sphere 
of illumination. The casing is flared out to receive the 
“cage” or guard which is attached by a bayonet joint 
and locked by a screw which engages with one of the 
three notches on the flange. The guard is cast of a 
special aluminum alloy with flat guard strips radiating 
outward so that the whole construction is exceptionally 
strong and light. 

Another feature of construction is the separable handle 
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which is screwed directly on to the 3% in. threaded stem of 
the socket, the stem passing through a hole in the bottom 
of casing where the handle is fastened. This makes a 


Portable Lamp and Connecting Cord 


simple but substantial joint and at the same time facili- 
tates the wiring up of the socket as there are no long 
restricted passage through which to thread the wire. 


A New A.-C. Starting Switch 


A compact, light weight, quick-acting contactor with 
blowouts and copper to copper rolling contacts is the 
outstanding feature of the new across-the-line type of 
starting switch just being placed on the market by the 
Allen-Bradley Company, Milwaukee. This starting 
switch is for use with small alternating current induction 
motors that can be connected directly to the supply lines. 
Automatic control of the motor is obtained when the 
starting switch is used with a push button, pressure 
gauge, float switch, thermostat or any other type of pilot 
circuit control. 

The principle of this switch is not new, as the company 
has. manufactured across-the-line switches for a number 
of years, but the design is new and distinctive in the sim- 
plicity of the assembly of the switch parts and cabinet. 
The copper to copper rolling contacts, blowouts and the 
laminated magnetic circuit are the same design as used 
on the larger quick acting magnetic switches, but simpli- 
fication of the assembly make this switch available for 
general use as a safety device with all automatic features 
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where formerly the cost made it prohibitive when com- 
pared to manual switches. 

Complete overload and low voltage protection are of- 
fered by the starter when used with the standard push 
button. Failure ot the supply voltage or a continuous 
overload will open the contactor, thus disconnecting the 
motor. Return of the voltage will not reconnect the 
motor unless the start button is pressed. Likewise the 
motor cannot be started after an overload unless the start 
button is pressed. When used with float switches or 
pressure gauges the starters are furnished with hand re- 
set overload relays to prevent restarting of the motor 
after an overload has opened the circuit. With these 
auxiliary controls low voltage release is offered. Return 
of voltage to normal after temporary suspension will au- 
tomatically re-connect the motor and insure continued 
performance from the pump, compressor or similar con- 
nected equipment. 

The use of magnetic blowouts, together with a light 


Views of the A. C. Starting Equipment 


weight contactor which makes and breaks the circuit 
quickly, practically insures interruption of the circuit 
even under extreme conditions of overload. 

The overload relays are of the inverse time limit dash 
pot type. They are the same as used for overload pro- 
tection on all of the company’s starting and current con- 
trolling devices and by other manufacturers as part of 
their standard starting equipment. The relays have a 
unique double seal of the piston in oil, which insures the 
full time element, yet there is little motion of the piston 
until the seal breaks, when the piston is released suddenly 
so that the relay contacts are tripped open quickly and 
positively. The relays can be set so that a heavy over- 
load will open the switch quickly, but a lighter, momen- 
tary overload will not trip the switch unless it continues 
for several minutes. The time taken in pulling the pis- 
ton out of the oil varies inversely with the amount of 
current flowing in the current coil. This allows for the 
momentary overloads that might occur in normal service 
and yet gives full protection against burnouts. The dash 
pot is removable and both current and time adjustments 
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can be made quickly and accurately. The settings are 
visible and predetermined. 

The push button stations for use with this switch are 
made from standard 3% in. octagon outlet conduit fittings 
with special pressed steel covers. The station can be 
quickly attached to the conduit. 


Electric Arc Welding Machine 


A new type of electric arc welding machine designed 
for welding studs to steel plates has been developed in 
England by Buckley, Saunders & Company. The weld- 
ing head of the machine is held in position on the steel 
plate by two electro magnets and the stud to be welded 
to the plate is held by a chuck in the welding head. When 
the welding head has been placed, the throwing of the 
switch causes an arc to be made and held for a period of 
a few seconds between the stud and the plate, after which 
the machine automatically forces the stud against the 
plate and completes the weld. The welding current can 
be cut off at the instant that the stud is forced against 
the plate or can be allowed to flow for any desired pre- 
determined time thereafter. 


New Phase Failure and Reverse Protection Relay 


A new phase failure and reversal protective relay have 
recently been brought out by the Cutler-Hammer Man- 
ufacturing Company of Milwaukee. The degree of 
protection which this relay affords is obtained by a 
frictionless contact which requires practically no torque 
for positively maintaining the control circuit. It can be 


Relay With and Without Cover 2 


readily adjusted to give maximum protection under the 
voltage conditions existing on any particular installa- 
tion. The relay is intended to be used on installations of 
polyphase motors and operate to prevent injury to ma- 
chinery in case of phase reversal and burning out of the 
motor in case of phase failure. 


One-Hand Drill 


The Knight Engineering & Sales Company, Los 
Angeles, Cal., has placed on the market a light weight 
electric drill designed for small work. The drill housing 
is made of aluminum and the pistol grip is carefully 
designed to fit the hand. As the grip is on a direct line 
with the chuck a straight line pressure is given to the 
drill bit, thus eliminating the danger if side strain. A 
thumb operated switch button controls the power. 


SUNN 


A contract has been awarded to A. S. Schulman, 
Chicago, by the Chicago Union Station Company which 
includes the installation of all of the wiring and switch- 
board equipment for a substation which will supply power 
to the new Railway Mail Terminal Building, Chicago. 


- Excavation work on the second Simplon tunnel in 
Switzerland, parallel to the first, was completed on Sep- 
tember 13, according to cable dispatches from Geneva. 
The masonry work on the new tunnel is said to be well 
advanced and it is expected that it will be open for traffic 
by the first of the year. 


The English Electric Company, of Canada, Ltd., a 
newly formed company associated with the Engiish Elec- 
tric Company of Great Britain, has acquired control of the 
Canadian Crocker-Wheeler Company, Ltd. R. A. Stin- 
son, vice-president and general manager of the latter 
company, has been elected president and poneral manager 
of the new company. 


The directors of the Argentine Transandine Railway 
have asked authority to increase the capital of the com- 
pany from 2,500,000 to 4,000,000 gold pesos, according 
to Commerce Reports, the additional funds to be used in 
covering the expense of electrifying the line. Plans are 
said to be under way providing for the joint operation of 
the Chilean Transadine with the Argentine Transandine. 


The latest reports regarding the proposals for the 
electrification of certain sections of the government rail- 
ways of the Union of South Africa are to the effect that 
no bids have as yet been accepted, and that it is possible 
that the program may not be carried through at this 
time to the full extent planned for, according to Com- 
merce Reports. It is reported that business conditions 
may influence the government to defer this work. 


The Western Electric Company is in a strong finan- 
cial position according to a statement issued recently by 
Charles G. Du Bois, president. Mr. Du Bois said: 

“The Western Electric Company reports sales for 
the eight months ending August 31 as approximately 
$122,000,000, or almost the same as for the similar period 
of 1920. 

“Since the beginning of the year the company has re- 
duced its floating debt by $7,500,000, and has increased its 
cash balance by $6,000,000, an improvement of $13, au 
000 in its financial position.” 


General Electric Company Again Reduces Payroll 


Another wage and salary reduction of 10 per cent for 
all employees has been announced by the General Electric 
Company, to take effect on October 31. The announce- 
ment by E. W. Rice, Jr., president, is as follows: “In ac- 
cordance with an order of the board of directors a re- 
duction of 10 per cent will be made as of October 31, 
1921, in the salaries of all officers and employees of the 
company,” 


General News 
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Several reductions have been made since last January. 
The first one became effective February 1, when the 
wages of day workers at the Schenectady plant were re- 
duced 10 per cent and the pay of piece workers 10 per 
cent. The bonus system was discontinued. Another re- 
duction of from 10 to 30 per cent was announced in July 
and the size of the working forces have ‘been reduced 
in accordance with the company’s plan of retrenchment. 


Direct Current Recommended for Electrification in 
Netherlands 


The commission appointed in January, 1920, to study 
the desirability of electrification of all railways in Hol- 
land has prepared a report which, it is understood, not 
only favors such a scheme but recommends the use of 
1,500 volts direct current, according to the Electrical 
World. It is also recommended that the electrification be 
made in connection with the proposed unification of elec- 
tric light and power service throughout the country. 
There is no indication, however, that this work will be 
undertaken in the near future. 


Electrification of Railroads in Madagascar 


The governor genera! of Madagascar has decided to 
electrify the railroads of that colony from Tananarive to 
Tamatave, according to Commerce Reports. A hydro- 
electric power station will be built on the Vohitra river 
to furnish a maximum power of 30,000 horsepower. The 
length of the line is 93 miles and the total cost of the 
installations will reach $4,620,000. Assistant Trade Com- 
missioner F. G. Singer, who furnished this information, 
states that the governor general is also considering the 
electrification of the future railroad from Diego-Saurez 
to Joffre Ville, a road about 22 miles in length. 


Westinghouse Receives $7,000,000 Railway Contract 
from Chilean Government 


The Westinghouse Electric International Company an- 
nounces that it has received final confirmation of the con- 
tract to supply the equipment to electrify the Chilean 
State Railroad between Valparaiso and Santiago, and 
the Los Andes Branch. 

This contract, which was received from the Chilean 
Government through the company’s Chilean agent, Er- 


razuriz, Simpson & Co., associated with Spruile Braden 


of New York, covers the most important railway elec- 
trification undertaken since the beginning of the war, 
and the largest ever undertaken by an American firm 
outside of the United States. 

The main line, which is 116 miles long, is now under 
steam operation and is the most important railway line 
in Chile. It connects the leading seaport (Valparaiso) 
with the capital (Santiago), while the line to Los Andes 
is 28 miles long and forms the Chilean State Railway 
section of the trans-continental line to Buenos Aires. 
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The equipment to be furnished consists of eleven local 


passenger locomotives, fifteen road freight locomotives, 


six express locomotives, seven switching engines and five 
sub-stations of 4,000 kw. capacity each. All of these 
locomotives are of the Baldwin-Westinghouse manufac- 
ture. The 3,000 volt direct current system which will 
be used will be strictly American in character. 

The capacity of this equipment will be 50 percent 
greater than their present traffic demands, and the plans 


have ‘been so drawn that an increase of traffic capacity 


three times the present demands can readily be obtained. 

Owing to the abundance of water power in Chile and 
the high price of fuel all of the Chilean railroads will 
eventually be electrified, and the present project is the 
first step in this progress. 

The contract, which has a total value of $7,000,000, 
was secured in keen competition from Germany afid other 
European countries. It represents the third large order 
for electric railway supplies received by the Westing- 
house Electric International Company from foreign coun- 
tries in the past few months, the others being obtained 
from France and Japan. 

Other American concerns who received contracts for 
requirements of the Chilean Railroad are the American 
Locomotive Company, Pressed Steel Car Company and 
the Anaconda Copper Mining Company. 

The Errazuriz, Simpson Co. of Chile will build the 
overhead construction, 


Electrification of Japanese Railways 


The official plan for the electrification of the railways 
of Japan has recently been revised and a new electric 
bureau established, according to information published 
in Commerce Reports. According to the plan now being 
worked out by the Department of Railways, the first 
steps will be to electrify the entire Tokio line, the traffic 
of which has been increasing enormously each year, from 
Tokyo to Kobe, and a part of the Central line between 
Tidamachi station in Tokyo and Kofu, in the rear of 
Mount Fuji, where many tunnels make transportation 
slow. Electric trains will be used exclusively for pas- 
sengers, freight trains being operated by steam as at 
present. 


Transmission of Electric Power at 1,000,000 Volts 


Experiments in the transmission of electrical energy at 
a potential of 1,000,000 volts were made recently in a 
laboratory of the General Electric Company at Pittsfield, 
Mass. The result of the tests indicated that a line having 
conductors 4 in. in diameter, or larger, would be neces- 
sary for the transmission of 1,000,000 volts, but also con- 
firmed the belief of the engineers that it will be commer- 
cially feasible to employ higher voltages than any now in 
use. A power line is now under construction on the Pa- 
cific Coast, over which energy will be transmitted at 220,- 
000 volts. 

Physical laws applying to high voltage phenomena were 
found to hold good at these enormous potentials. In the 
course of the experiments the gap spacings for sphere and 
needle spark gaps were carefully checked up and pro- 
longation of existing curves (750,000 volts and below ) 
were found correct up to 1,100,000 volts. 

Arc over tests were also made on strings of standard 
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ten-inch suspension insulators up to 1,100,0CO volts. A 
short transmission line was tested for corona conditions 
and the laws of corona were checked at similar potentials 
and found to hold. 


Personals 


W. J. Timmins formerly assistant chief of research 
laboratory, Edison Storage Battery Co., is now construc- 
tion engineer with Pewick Bros., Des Moines, lowa. 


W.S. Murray, who recently completed his work as 
chairman of the Superpower Survey conducted by the 
United States Geological Survey has formed, with Mr. 
H. Flood, Jr., a consulting engineering firm under the 
name of Murray & Flood, with offices in the Grand Cen- 
tral Terminal, New York City. Their specialties will be 
public utility interconnections, power plant engineering 
and heavy traction railroad and industrial electrifications. 


J. H. McMullen has been appointed railroad repre- 
sentative in the Boston, Mass., territory, for the Western 
Electric Company, succeeding E. R. Morgan and E. B. 
Denison, formerly in charge of the Minneapolis, Minn., 
territory, has been appointed Detroit, Mich., railroad rep- 
resentative, succeeding R. S. Cowan. 


H. B. Titcomb, vice-president of the ‘Pacific Electric, 
with headquarters at Los Angeles, Cal., has been elected 
president of the Southern Pacific of Mexico and the 
Arizona Eastern, to 
succeed Epes Ran- 
dolph, deceased. Mr. 
Titcomb was born at 
Indianapolis, Ind., in 
December, 1871. He 
graduated from the 
Cogswell Polytechni- 
cal College in 1891, 
ands in 4July, ‘of the 
same year entered the 
service of the South- 
ern Pacific as a drafts- 
man. He was pro- 
moted to assistant en- 
gineer in the construc- 
tion division in 1898; 
was appointed road- 
master on the West- 
ern division in 1899, and was successively roadimaster on 
the Shasta and Sacramento divisions from 1900 to 1904. 
He was assistant resident engineer from 1904 to 1905, 
resident engineer at San Joaquin, Cal., from 1905 to 1906, 
and at Los Angeles from 1906 to 1909. He was district 
engineer, with headquarters at Los Angeles, from 1909 
to 1914, and maintenance of way assistant to the as- 
sistant chief engineer, with headquarters at San Fran- 
cisco from 1914 to 1917. In October, 1917, he was 
promoted to superintendent of the Stockton division, 
with headquarters at Stockton, Cal., which position he 
held until September, 1918, when he resigned to become 
vice-president of the Pacific Electric. 


W. C. Kelly, electrical foreman of the St. Louis di- 
vision of the Illinois Central, with headquarters at Cen- 
tralia, Ill., has been transferred to the Central of Georgia 
in the capacity of chief electrician, with headquarters at 


H. B. Titcomb 


406 


Macon, Ga. Mr. Kelly was born on July 4, 1888, at 
Harrisburg, Ill., and received his education in the public 
schools of that place. On September 6, 1906, he entered 
the employ of the Illinois Central Railway in the road de- 
partment, where he remained until June, 1908. He was 
then transferred to the telegraph department and served 
in the capacity of office wireman until March 10, 1913, 
when he entered the electrical department as division elec- 
trical foreman. On September 1, of this year, he was 
transferred to the Central of Georgia as noted above. 
O. E. King, acting division electrical foreman of the Ken- 
tucky and Tenessee divisions of the Illinois Central, will 
succeed Mr. Kelly at Centralia. 


R. I. Baird, who was from 1909 to 1917 connected 
with the sales department of the Electric Storage Battery 
Company, Philadelphia, Pa., has returned to the service 
of that company and 
is now in charge in 
the western district of 
sales of Exide bat- 
teries for railway car 


lighting, industrial 
truck's, etc. Mr. 
Baird’s headquarters 


will be at the Chicago 
office of the company, 
in the Marquette 
building. The railway 
signal work is in 
Charve wom. Hey eb: 
Crantford, who for- 
merly was in the serv- 
ice of the Chicago, 
Milwaukee, & St. R. |. 
Paul. Mr. Baird was 

educated at the Armour Institute of Technology, Chi- 
cago, and has been connected with the Automatic Elec- 
tric Company and the Bryant Zinc Company. He was 
also in railroad work, having served in the signal depart- 
ment of the Illinois Central. Since 1917, he has repre- 
sented the Delco Light Company, in Montana. 


Baird © 


Obituary 


Robert Ten Eyck Lozier, a noted electrical engi- 
neer, died in New York City on August 21. He was born 
at South Norwalk, Conn., in 1868. At the age of 14 
he entered the employ of Thomas A. Edison. During his 
busy career he took out many electrical-patents and for 
the past fifteen years had been a consulting engineer. 
Mr. Lozier was perhaps best noted for his pioneer work 
in the development of electrical power. He was a mem- 
ber of the Engineers’ Club, a fellow of the American 
Institute of Electrical Engineers and a life member and 
past president of the New York Electrical Society. Dur- 
ing the war he was in charge of hydroplane construction 
at the League Island Navy Yard. 


David H. Wilson, Jr., consulting engineer of the 
Erie, died in New York on September 15. Mr. Wilson 
was born at Paterson, N. J., in 1879, and was educated in 
the grade schools of Paterson, at the Bliss Electrical 
School, Washington, D. C., whence he was graduated in 
1899, and Purdue University, from which institution 
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he was graduated in 1902. Following his graduation, he 
was in charge of transmission line and electric railway con- 
struction in Porto Rico and subsequently was engaged in 
a similar connection in Canada. He went with the Erie in 
1906 as electrical engineer, which position he held until 
1911, when at his own request he was granted a leave of 
absence to work out a storage battery and an electric weld- 
ing machine. When the Wilson Welder and Metals Com- 
pany was organized he was elected vice-president. He 
re-entered the service of the Erie on June 1, 1921, as con- 
sulting engineer, which position he held at the time of 
his death. 


Charles W. Davis, vice-president and general sales 
manager of the Standard Underground Cable Company, 
Pittsburgh, Pa., died Sunday, September 11, in the Mem- 
orial Hospital, New York. He had been in failing health 
for several years and had gone to New York for-special 
medical treatment. Mr. Davis was born in Pittsburgh 48 
years ago and was educated at the Western University of 
Pennsylvania, now the University of Pittsburgh, and at 
Massachusetts Institute of Technology. His connection 
with the Standard Underground Cable Company began 
shortly after his graduation from college, or about 1899, 
at which time he was employed by the company as con- 


_ struction engineer on a large cable installation in Mexico 


City. Later be became superintendent of construction 
and manager of the central sales department, continuing 
in these positions until 1915, when he was elected vice- 
president in charge of the general sales, construction and 
accessories departments. 

Mr. Davis was well known in the electrical industry as 
an expert on the design, manufacture and installation of 
electric cables and accessories, and kad contributed largely 
to the development of the art by his investigations and oc- 
casional technical papers, and by his many inventions deal- 
ing with improvements in methods of cable construction, 
installation and operation. 


Trade Publications 


Safety Motor Starters and safety panel boards of a 
new type are described in catalog 12-A, issued by the 
Westinghouse Electric & Manufacturing Company, East 
Pittsburgh, Pa. 


An attractive 24-page booklet known as Builetin No. 
43, describing locomotive coaling plants and equipment 
for the handling of railroad coal, sand and cinders has 
been prepared for distribution by Roberts and Schaefer 
Company, Wrigley Building, Chicago, Ill. The booklet 
is 8% in. by 11 in. in size and is profusely illustrated. 


Lighting Data.——The Lighting Service Department of 
the Edison Lamp Works of the General Electric Com- 
pany has issued a new series of bulletins on the general 
subject of electric lighting with titles as follows: Re- 
flectors for Incandescent Lamps; The Lighting of Print- 
ing Plants; Lighting for Outdoor Sports; Ship Lighting; 
Railway System Lighting, Buildings and Yards; Light- 
ing for Indoor Recreations. The numbers of these bul- 
letins are respectively LD123, LD125, LD126, LD127, 
LD128 and LD129. They are profusely illustrated, con- 
tain from 16 to 34 pages each and the information given 
on each subject is quite complete. 
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In accordance with the usual custom the number of 
printed indexes for the 1921 volume of the Railway 
Electrical Engineer will be limited, 


Indexes and furnished only to those sub- 
For scribers who desire to bind their 
copies. Requests for the yearly in- 


1921 

. dex should be sent to the Circulation 
Department of the Railway Electrical Engineer not later 
than January 1, 1922. 


The maintenance of car lighting equipment is a very 
real and ever present factor which must be dealt with 
in no prefunctory manner if the light- 


Car ing service is to receive the stamp 
Lighting of approval by the traveling public. 
Maintenance The demands for more and better 


illumination in railway trains are 
apparently without limit and yet progress in this direction 
has been really wonderful since the advent of the tungsten 
lamp. 

While the demands for lighting of ordinary coaches 
are seemingly high, they can scarcely be considered 
so when compared with the greater demand of 
the Pullman coaches. In consideration of the increased 
cost of traveling in Pullman cars, it is to be expected 
that the lighting facilities would exceed those of the 
ordinary day coach. The Pullman Company has met the 
requirements for excessive current consumption most 
satisfactorily and in doing so has developed many remark- 
able time and labor-saving devices. The article on page 
430 of this issue describes the Buffalo repair shops of the 
Pullman Company and the various methods which have 
been adopted for speeding up the work are full of interest 
for the car lighting man. 


A plan for using electric operation on 11 eastern rail- 
roads is included as a part of the Superpower Survey 
report which was submitted to the 


The President on November 5. A brief 
Superpower abstract of that part of the report 
Survey which deals with railroad electrifica- 


tion is published elsewhere in this 
issue. The plan provides for the consolidation of the 
power supply in a large eastern district, and without 
doubt this would permit the development and delivery of 
power at a lower cost than is now possible, a much better 
load factor could he obtained, less coal would have to be 
moved and a number of other savings could be made. 
It is highly improbable, however, that the report will 
influence railroad electrification materially in the near 
future. 


It is maintained in the report that 58 per cent 
of the track owned by 11 of the roads in the district 
could be electrified with an annual saving equal to 14 per 
cent of the totai cost of electrification. This estimate is 
based on the assumption that a consolidation of railroads 
be put in effect that would make it possible to pool all 
power, allocate certain tracks to freight or passenger 
service exclusively, consolidate repair shops, etc. No plan 
is suggested as to how this consolidation might be 
brought about. 

There are tremendous difficulties in the way of 
effecting such a consolidation. The point might be 
brought up that the Interstate Commerce Commission, 
under a provision of the Transportation Act, has sug- 
gested consolidations. It must be borne in mind that 
these consolidations are voluntary, that they must con- 
sider present traffic relationships and must retain insofar 
as possible a measure of competition. Whether the re- 
quirements of the Transportation Act can be reconciled 
with the suggestions of the Superpower Survey report is 
highly problematical. 

It will be difficult too to get the railroads affected to 
accept the report as it stands because it savors of partisan- 
ship. For example, the report.assumes that 7.5 Ib. of coal 
are required by a steam locomotive to do work at the 
rim of the drivers equal to one kilowatt hour. Tests were 
made on the C. M. & St. P. in 1910 on locomotives not 
equipped with fuel saving devices which showed this 
value to be 7.56 Ib. Even if the value of 7.5 Ib. is correct 
for the average steam locomotive now operating in the 
zone in question, it will not be true of steam locomotives 
in operation in 1925 or 1930, at which time it is proposed 
to have the superpower system in operation. Beyond any 
reasonable doubt, electric operation is a means for saving 
a considerable amount of coal, but there is need for com- 
parative and more modern information based on tests 
made with modern steam locomotives. 

A steam locomotive equipped with economy devices is 
spoken of in the report as a “full-jewelled movement.” 
It is true that many enginemen speak of the devices 
applied to steam locomotives as jewelry, but to use the 
expression “full-jewelled movement” in a report of this 
character savors of partisanship. 

Because of these, and similar statements, the data pre- 
sented in the report will be accepted by railroad men with 
reservations. During the next ten years electric traction 
is practically sure to be adopted by a number of the roads 
in question. Much of the data presented in the report will 
be valuable to those roads considering electrification, but 
it is not at all probable that the report will be accepted 
in its entirety. 
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Letters to the Editor 


American Committee on Electrification 


To THE EDITOR: 

I note in your October number an editorial regarding 
the report of the Committee on Heavy Traction of the 
American Electric Railway Association. It seems to me 
that this editorial is somewhat misleading, especially in 
the matter of reference to co-operation with the Associa- 
tion of Railway Electrical Engineers. 

The American Electric Railway Association attempted 
this year to obtain co-operation from other organizations 
interested in heavy traction, and no response was received 
except from the Association of Railway Electrical Engi- 
neers, which was ably represented on the Heavy Traction 
committee by Mr. Sloan. 

It was the idea of the committee to present to the mem- 
bers of the A. E. R. A. data which would not be available 
otherwise, arranged as seemed best to the committee. 
The checking and arranging of this data represented a 
minimum of duplication. 

It is agreed that the steam railroads should be most 
vitally interested in the subject of heavy electric traction, 
and the move for a general electrification committee 
might most appropriately come from the American Rail- 
way Association or, if not from them, from the American 
Institute of Electrical Engineers. Since there apparently 
is some hesitation on the part of these organizations it 
is felt that the effort of the American Electric Railway 
Association towards co-operation is justified. 


SIDNEY WITHINGTON, Electrical Engineer 


Chairman, Heavy Committee, American 
Association. 


Traction Electric Railway 


Location of Headlight Generators 


To THE EDpIrTor: 

I have read the article entitled Convenient Headlight 
Maintenance contained in the Railway Electrical Engi- 
neer, September issue, and the only thing that I can see 
is that the writer of this article had but one thought in 
mind, and that is this, a method of inspecting and repair- 
ing a turbo-generator with practically no effort on the 
maintainer’s part. 

He apparently did not take into consideration the turbo- 
generator from an operating standpoint, the conditions 
that you are up against with this kind of an installation 
in cold weather, snow and ice that accumulates in heavy 
snows, especially on the front end of a locomotive under 
the smoke-box and the consequences and trouble that you 
run up against in this kind of an installation. Freeze- 
ups would occur, electrical troubles would originate from 
dampness, etc. The steam would be in such a condensed 
form by the time it reached the turbine from such a 
length of feed pipe that you would not get the efficiency 
out of the turbine. This, of course, applies to locomo- 
tives, you understand, operating in cold weather. 

In my opinion the best installation for turbo-generators 
on a locomotive, taking everything into consideration 
from a maintenance and also operating standpoint, is the 
placing of the turbo-generator in a parallel position with 
the boiler of the locomotive, turbine end of the equipment 
facing the forward end of the locomotive and generator 
end not less than 3 ft. from cab, and mounted on a suit- 
able bracket just above the hand rail position, preferably 
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on the left side. An equipment mounted in this position 
gives the maintainer plenty of room to do his work. It 
requires a very short feed from the boiler connection to 
the turbine under the jacket, and also placing the drain 
line under the jacket, avoiding any possible chance of 
freeze-ups and at the same time gives you steam to the 
turbine in the same condition as when it leaves the foun- 
tain. 

Taking an installation of this kind the maintainer, if 
he is the right kind of a man, when he makes an inspec- 
tion will mount the locomotive in front, inspect his pilot 
wiring, examine his headlight case, wiring and number 
light, wire between his headlight case and hand rail or 
conduit, and, passing on his way back to the turbine, he 
can examine his conduit to the hand rail to see that all 
clamps are tight, check up on the turbo-generator, and 
make an examination of all wiring next to the cab. 

Notwithstanding the fact that locomotives operating in 
climates where there is no cold weather would overcome 
a lot of these bad features, taking everything into con- 
sideration as above mentioned with the installation I 
speak of, I believe will apply equally as well on locomo- 
tives operating in warm climates, as well as locomotives 
operating in parts where there is cold weather. 

I would appreciate very much to know what installa- 
tion the majority of the roadmen take favorably to. The 
installation I have given you, in my opinion, at the pres- 
ent time is the best we have, but if there is any better, I 
would be glad to know just what kind it is. 

L. AL we 


New Books 


Railway Signaling. By Everett Edgar King. 6 in.*9 in. Bound in cloth. 
370 pages, illustrated. Published by McGraw-Hill Book Company, Inc., 
370 Seventh Ave., New York. 


The book represents a compilation of practices common 
to signaling on the various roads, the subject matter being 
arranged so as to be specially adapted to a beginner in 
signal work. The author has drawn largely upon the 
Proceedings of .the Railway Signal Association for his 
material, and also from the Signal Dictionary and Rail- 
way Signal Engineer. The discussion proceeds in a 
logical manner, beginning with a brief historical outline 
of the development of signaling. Various types of sig- 
nals and signal indications are discussed and illustrated. 
Chapter three is devoted to an explanation of the funda- 
mental principles of mechanical locking and the four chap- 
ters following this treat comprehensively of mechanical, 
electro-pneumatic, and electric interlocking plants and 
equipment. Both direct current and alternating current 
track and signal circuits are discussed at length as well 
as the numerous types of alternating current relays used 
in signal work. The manual block system is treated in a 
special chapter describing the manual block, the controlled 
manual block and the electric train staff. Automatic sig- 
naling on double track lines is discussed with reference 
to direct current and alternating current track circuits. 
The various signal mechanisms manufactured by the sev- 
eral signal equipment companies are described and illus- 
trated. The final chapter is devoted to a discussion of 
highway crossing signals. In general the book is abun- 
dantly illustrated and contains much information that is 
of value not only to the novice in signaling but to the 
more experienced man as well. 


_ able for hydro-electric developments. 


Electric Traction Proposed for 11 Railroads 


By Consolidating Power Supply, Electric Operation Could be 
Made to Show Saving of 14 Per Cent 


REPORT called the Superpower Survey was trans- 
mitted to the President on November 5 by Secre- 
tary of the Interior Fall. It is the result of an 

investigation of the possible economy of fuel, labor and 
material resulting from the use of a comprehensive system 
for generating and distributing electricity to transporta- 
tion lines and industries. The investigation was made by 


a staff of engineers working under the direction of W. S. 
Murray, consulting engineer, New York; in preparing 
the report they have endeavored to show how the econ- 
omies of a power system on so large a scale will affect not 
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Fig. 1—Map Showing Class 1 Railroads Within the Superpower 
Zone for Which Electrification Is Recommended 


only coal, but capital expenditures as well, and especially 
the output of human energy. 

The plan provides for the interconnection of a large 
number of existing plants in the area shown in several of 
the illustrations by high voltage transmission lines. These 
lines would include and be extended to other points at 
which large power plants could be located advantageously 
at the mouths of mines, at tidewater, or along rivers suit- 
It would be nec- 
essary to derive more than 80 per cent of the power from 
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coal. The maximum size of steam-electric stations has 
been fixed at 360,000 kilowatts. This limit has been de- 
termined by considering on the one hand the ability to 
transmit energy away from the plant and on the other 
the hazard incident to the possibility of destruction 
through unusual catastrophe. A steam pressure of 300 
Ib. would be used at the turbine throttle with a superheat 
of 230 deg. F. Proposed coal delivery routes are shown 
in one of the illustrations and six months’ storage capacity 
for each plant is recommended. 

Hydro-electric plants will be limited in size by stream 
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flow and storage capacity. The principal developments 
are located on nine rivers, but as proposed the estimates 
for 1925 and 1930 can be justified only if they are included 
in an interconnected system, as otherwise their output can- 
not be economically absorbed by the power market. 

For interconnection, 960 miles of 220,000-volt trans- 
mission lines are needed, together with five times that 
mileage of 110,000-volt lines. With these major lines, 
the 1,200 miles of lines now operated at 33,000 volts or 
more become simply distribution lines for the local public 
utilities. This transmission network and its substations 
would require $104,000,000 by 1930, and the total invest- 
ment cost of the system the same year is given by the 
engineers as $1,109,564,000, of which $693,218,000 would 
be new money, since more than $400,000,000 worth of 
existing steam-electric and hydro-electric plants are re- 
tained in service. 


Electric Operation for Heavy Traction Railroads 


The section of the report devoted to the electrification 
of the heavy-traction railroads was compiled under the 
direction of Cary T. Hutchinson and N. C. McPherson; 
it presents results of even more general interest than the 
detailed analysis of the industrial use of electric power. 
The question of railroad electrification must be decided 
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according to density of traffic; on this basis of the 36,000 
miles of main line, yards, and sidings in this superpower 
zone, about 19,000 could be profitably electrified. This 
electrification would cost nearly half a billion dollars, but 
it is estimated that it would save from 11 to 19 per cent 
on the investment, or an average of 14 per cent per year. 
The following paragraphs contain an outline of the salient 
points brought out in this part of the report: 

A consolidation of the roads within the district in 
question is first suggested which would make it possible 
to reroute much of the traffic as now handled. Unified 
operation by electricity would give much better conditions 
than any that could possibly be attained under unified 
operation by steam. There would be a new motive 
power, in which all units or parts designed for similar 
service would be identical and interchangeable. There 
would be a pooling of all power, with great reduction of 
reserves. Repair shops would be consolidated, and main- 
tenance would become a standardized manufacturing job. 
Track capacity would be greatly increased, and certain 


A) ¥25) r 


L.ONTARIO 


eo CY G 
LC Meese s 


wo? *Potieville “e 


yA 
: e Each dot represents 10,000 horsepower of 
Steam, Oil or Gasoline Engines Sf rhea 
—— Tone Boundary as used by Industrial Division 


' ry) 50 100 Miles 


Industrial Plants 


Fig. 2—lIsolated 
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tracks would be allocated to freight or passenger service 
exclusively. All freight trains would be run on schedule ; 
the average speed would be more nearly the same and 
would be increased to at least 12.5 miles an hour needed 
to avoid the present punitive overtime payments. En- 
ginehouse facilities would be much simplified by consol1- 
dation. 

The great expense of any large increase in trackage 
should of itself force electrification ; the total cost 20 years 
hence will be less if electrification is begun now than the 
cost of the added track and terminal facilities necessary 
under steam operation to provide for the inevitable 100 
per cent increase in traffic within that time. 


Motive Power 


The entire freight service in the superpower zone can 
be handled by electric freight locomotives having two 
articulated two-axle trucks, each carrying two motors 
geared to the axle, the mounting being essentially the 
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same as that in a number of locomotives now in use and 
similar to the usual street-car mounting. There would 
be two classes of locomotives of this type—a light one 
carrying 80 tons on drivers and having a continuous 
drawbar pull of 22,000 lb. at 25 miles an hour, and a 


@ 
THOUSANDS OF BRITISH THE RMAL UNITS 
PER KILOWATT-HOUR 


+ 


& 
POUNDS OF COAL PER | 
KILOWATT- HOUR 


ee 
nm 


“eptance test cond 


Fee EA eGo 
P71) | 
HT NT 

(0) 70 


20 3 


TONS OF COAL PER KILOWATT-YEAR OF EFFECTIVE CAPACITY 


50 60 
ANNUAL CAPACITY FACTOR 


Fig. 3—Estimated Unit Performance of One of the Base-Load, 
Steam-Electric Plants; Plant Uses Bituminous Coal, Stokers and 
20-Tube High Boilers 


heavy one carrying 110 tons on drivers and having a 
continuous drawbar pull of 30,000 Ib. at the same speed. 
These units can be combined in any reasonable number; 
the total load on drivers can be made equal to 80, 110, 
160, 190, 220 tons, or as much more as may be desired, 
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Fig. 4—Principal Hydro-Electric Resources of Superpower Zone 
being limited only by the strength of the draft rigging. 
A train can, of course, be double-headed, and a total trac- 
tive pull up to the maximum now in use can be obtained, 
with at least double the present speed. 
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For passenger service a similar arrangement would be 
used; that is, two articulated two-axle trucks, with one 
motor geared to each axle. The motors may be practi- 
cally the same as those in the freight locomotives, the 
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Fig. 5—Location of Principal Coal-Delivery Routes from Bitu- 
minous Regions to Base Load Steam-Electric Plants in 1930 
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only difference being a change in gear ratio. The pas- 
senger locomotive, however, Waid have leading and trail- 
ing trucks, with either two or four wheels, and the total 
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the freight locomotive. Substantially the same frame and 
running gear can be used, with motors of less capacity. 
All hires types of locomotives will have the usual over- 
load capacity, and all will be able to operate in starting 
and accelerating at 25 to 30 per cent adhesion. These 
suggested sizes “and types of locomotives can, of course, 
be varied greatly without sacrificing the advantage of 
unified electric operation, but identity of types for the 
same service throughout the superpower zone is essential. 
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Fig. 6—Profile Used for Making Calculation of Power Requirements 


The only two systems that are applicable to general 
traction within the superpower zone are the 3,000-volt 
direct-current system and the 11,000-volt (or higher) 


Crass 1 Rartrroaps WITHIN THE SUPERPOWER ZONE 


Boston & Maine Erie 

Boston & Albany Delaware, Lackawanna & Western 
New York, New Haven & Hartford Lehigh Valley 

New York Central Central of New Jersey 

Delaware & Hudson Long Island 

Ulster & Delaware Pennsylvania 

New York, Ontario & Western Philadelphia & Reading 

Lehigh & New England Western Maryland 

Lehigh & Hudson River Baltimore & Oh‘o 


alternating-current system, both with overhead distribu- 
tion circuits and rail return. Both of these systems are 
in successful use, and both can no doubt be designed and 
constructed to give satisfactory 
service in the zone. 


Systems of Electrification 


In order to avoid some uncer- 
tain elements in the estimates of 
the cost of the alternating-cur- 
rent system it was decided to 
base all estimates, both of opera-- 
tion and of construction, on the 
3,000-volt direct-current over- 
head system. Substantially the 
same results in money could, 
however, be obtained with the 


alternating-current system, cer- 


New Yor 


tain gains being offset by certain 
losses. 

It was evident at the outset 
that it would not be adequate to 
study the roads as units, but that 
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Fig. 7—Saving Effected by Electrification of Heavy- -Traction Railroads in Percentage of 
Construction Costs, Not Including Savings in Wages 


weight would be redistributed. This passenger locomo- 
tive would be of two weights, the light one having 60 tons 
on drivers, and the ae one 90 tons. These also may 
be combined, like the freight locomotives. 

For the switching locomotives, one size will be ade- 
quate, with 70 to 75 tons on drivers, of the same type as 


a study should be made of the 
operating divisions of the rail- 
roads. A study of a railroad 
system as a whole, even if it lay 
entirely within the zone, would 
yield only average results, which 
might make a poor showing, 
whereas some of the divisions 
treated separately might make a 
good showing. It was, there- 
fore, decided to ask each of the Class 1 railroads within 
the superpower zone, of which a list is given above, to 
answer questions asking for certain fundamental data as 
to roadbed, equipment and traffic. This information, as 


with all other information sought, was to cover the year 
1919, 
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In addition to the data from the railroads, two large 
companies, the General Electric and the Westinghouse, 
were asked to prepare estimates of cost of substation 
equipment, of electric locomotives, of catenary construc- 
tion, and of other facilities—all as of the year 1919. 
Similar data were also asked of the Ohio Brass Company 
and one or two other companies. 


Electrical Energy Required 


The electric energy required for the railroads is de- 
termined from the records of lines already electrified, with 
proper allowance for variations in the conditions of op- 
eration, and from calculations based on the profile and 
the alinement of the roads considered and the efficiency 
of their locomotive and distribution systems, 

In fixing the units of energy for the different operating 
divisions much weight is given 


service modified as required by _5f_ Mims Mt gS Sans 
service modified as required by 19} 


profile and alinement under ex- 
amination. 

Other records of electric en- 17 
ergy for locomotive-drawn trains, 
both freight and passenger, were 
obtained from the Chicago, Mil- _ !° 
waukee & St. Paul, New York 
Central and the Pennsylvania. 
Tables published in the report 
show the amount of power used 
on these roads for freight, pas- 
senger and switching service. 

The second method of deter- 
mining electric energy required 
consists in calculating, from pro- 
file and alinement, the work due 
to normal train resistance and 
adding to this the net work done 
against gravity, plus the work 
due to curvature, plus the work 
due to acceleration. For ex- 
ample, on the profile shown in 
Fig. 6, for eastbound movement, 
it is assumed that no power is 
required to descend the 0.6 per 1 
cent grade, but no credit is taken | 
for use of the kinetic energy ac- 0 
cumulated at the bottom of this 
grade in ascending the next 
grade; for westbound move- 
ment it is assumed that no power 
is required on the 0.3 per cent grade for freight service, 
but that the difference between 0.3 and 0.5 per cent is 
used for passenger service. The lifting work is taken as 
the sum of the separate lifts; the work against curvature 
is the sum of the products of degrees of curvature taken 
from the alinement charts, multiplied by length of curve, 
and the unit resistance is taken at 0.8 pound per ton per 
degree. In freight service an acceleration from rest to 
25 miles an hour and another from 10 to 25 miles an hour 
is assumed for each 10 miles. The sum of these elements 
gives the total work required at the rail to move a ton 
over the division considered. This process is carried 
through for movement in both directions, and the average 
of the two results is taken for the work required. This 
average divided by the efficiency from rail to substation 
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input gives the watt-hours per ton-mile measured at the 
substation. Jor divisions on which the traffic is greatly 
unbalanced separate estimates were made for the east- 
bound and westbound movements. 

Calculations made for a number of the operating divi- 
sions within the zone that differ most widely in grade 
and alinement show that the added resistance in freight 
service due to grade, curvature, and acceleration ranges 
from 0.5 to 10 pounds per ton. The maximum figure is 
that for the Jefferson division of the Erie, which includes 
a straight climb over a divide in both directions. 


Cost of Electrical Equipment and Saving Effected 
By It 

The quantity of coal burned by a steam locomotive 

necessary to do one kilowatt-hour of work at the rim of 
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Fig. 8—Saving Effected by Electrification of Railroads, in Percentage of Construction Cost, 
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Including Saving in Wages 


the drivers is estimated at 7.5 lb. Equivalent coal for 
electric locomotives is uniformly taken at 2 lb. per kilo- 
watt-hour for energy delivered at the substation. All 
losses of energy in transmission and conversion from the 
power station to the substation are included in this figure. 
To make the costs justly comparable throughout, a unit 
price was adopted for railroad coal in each section: the 
cost per ton as thus fixed for the several sections of the 
zone is $5, $5.50 and $6 for the south, central, and north- 
ern sections, respectively. These costs include the pro- ~ 
rated cost of fuel and water stations. 

It is assumed that the railroads will purchase electrical 
energy delivered at high pressure at substations on or 
near the railroad right-of-way at the flat rate of one cent 
per kilowatt-hour. 


November, 1921 


Maintenance of the electric distribution systems is 
taken at $600 per mile for main track and $400 per mile 
for yard track. The cost of operation and maintenance 
of substations is based on $1.50 per kilowatt per year of 
capacity, giving 0.7 mill per kilowatt-hour for a capacity 
factor of 25 per cent. 

It is assumed that there will be an increase in ton-miles 
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Fig. 9—Growth of Steam Railroads in the Superpower Zone, 1900 
: to 1919 


per electric locomotive-hour of 33 per cent and a conse- 
quent reduction in crew wages per ton-mile of 25 per 
cent. For passenger service no data are at hand; a gen- 
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(1) Catenary system: Miles Cost 
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eral consideration of the subject does not indicate a ma- 
terial saving in wages necessary on account of train crews 
and therefore none is assumed. 

It is estimated that the electric switchers will do 50 per 
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cent more work per hour than the steam switchers, and 
that consequently the wage account for the same service 
will be reduced by 33 per cent. 

In table No. 1 are listed costs of electric equipment 
necessary to make the saving possible with electric opera- 
tion. The costs given in the table are based on the 
answers of questions sent to railroads operating within 
the superpower zone, and the values of track mileage, 
locomotives, etc., given in the table, are the sum of those 
values given in the answers received. The total net cost 
as given in the table represents only the cost of the equip- 
ment listed in the table and is indicative of the cost of 
the larger amount of equipment which could be used 
economically for electrifying the railroads included in 
the superpower zone. 

Costs of catenary are based on estimates made by manu- 
facturing companies which were checked by estimates 
made by the Chicago Smoke Abatement Commission’s 
report. 

The required sub-station capacity, item 3, table No. 
1, is based on an analysis of existing installations. 

The number of locomotives required is based on an 
annual mileage of 40,000 for freight, 75,000 for passenger 
and 40,000 for switcher locomotives. Estimates of costs 
of locomotives were based on those made by manufactur- 
ing companies. These estimates are stated in cost per 
lb. for the three classes as follows: 40c. per lb. of total 
weight for freight locomotives and switchers, and 45c. 
for passenger locomotives, equivalent to $800 per ton on 
drivers for freight locomotives and switchers, and $1,300 
per ton on drivers for passenger locomotives. The total 
weight on drivers of the electric locomotives is the product 
of their number by the average weight on drivers of the 
steam locomotives on the division. The minimum number 
of electric locomotives required for each division is 50 
per cent of the corresponding number of steam locomo- 
tives, even 1f the number based on mileage is less than 
50 per cent. 

- Item 8, table No. 1, covers overhead allowance of 20 
per cent for engineering, interest and contingencies 
which are difficult to predetermine. 

It is assumed that all steam locomotives released by 
electrification can be used and it is also assumed that the 
average condition of the locomotives released is 50 per 
cent new. The value of a new locomotive in 1919 is taken 
at 18c per lb. of total weight, and the salvage value at 
2e.per lb: 


Conclusions 


Following the procedure outlined in the preceding para- 
graphs, a study was made for all the Class 1 railroad sys- 
tems within the superpower zone except the Ulster & 
Delaware, the New York, Ontario & Western, and the 
Western Maryland. The first two were omitted after a 
preliminary examination because their traffic was too 
light to warrant electrification. The Western Maryland 
was omitted because only a small part of its traffic is 
within the zone; the preliminary examination, however, 
indicates that the Western Maryland traffic would justify 
electrification. This left a remainder of 13 railroads in 
the zone that were studied. The Boston & Albany was 
included with the New York Central and the Long Island 
with the Pennsylvania. It was not possible in this study 
to adhere strictly to the limits of every operating division 
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reported by the ralroads, and some divisions were there- 
fore consolidated into routes. The number of divisions 
or routes range from one on the Boston & Maine to nine 
on the Pennsylvania and aggregated 40 for the 13 roads. 

The results of the study are given in Figs. 7 and 8, 
which show for each of the 40 divisions the annua] sav- 
ing, in percentage of the net cost of electrification, plotted 
against the energy required, in kilowatt-hours per year, 
together with the accumulated average percentage of sav- 
ing for the divisions as grouped. Fig. 7 shows the saving 
exclusive of the saving in crew wages, and the divisions 
are arranged in the order of percentages. With these re- 
sults as a criterion of economical electrification the “‘se- 
lected divisions” are assumed to be all that show a saving 
of nine per cent or more. The group of divisions thus 
selected shows an average saving of 11.4 per cent. It in- 
cludes 30 of the 40 divisions examined, comprised in 11 
of the 13 systems. The saving, including the wage sav- 
ing, for the 40 divisions, is shown in Fig. 8." For the 
“selected divisions” these savings range from 10.6 to 19 
per cent and average 14.2 per cent. The total energy 
required annually for these 30 divisions would be 4,400 
million kilowatt-hours, and the maximum demand ap- 
proximately 850,000 kilowatts. 

The low percentage of saving shown by the divisions 
not included in the selected group, except those of the 
New York Central, is due to light traffic. On the New 
York Central the train cost of transportation, the cost of 
maintaining steam locomotives and the cost of coal per 
mile are lower than on any other system, owing in part 
to the fact that this is a water-level road with a large 
amount of through traffic; these are favorable conditions 
for economical steam operation and, therefore, afford 
less opportunity for saving by electrification. 

The amount of electrification recommended includes 48 
per cent of the route miles, 53 per cent of the main track 
miles, 64 per cent of the yard track and 58 per cent of all 
track owned by the 11 selected roads in the district. The 
net cost of electrification of all the selected divisions 
would be $570,000,000, and the net annual saving in op- 
eration, including the saving in wages, $81,000,000, equal 
to an average of 14.2 per cent of the entire group, rang- 
ing from 10.6 per cent for the. New York, Susquehanna 
& Western division of the Erie to 19 per cent for the 
New Haven-Boston route of the New Haven. 


Tables are included in the report which itemize values 
under headings as follows: Track mileage of selected 
divisions, data of steam operation on selected divisions, 
data of electric operation on selected divisions, coal saved 
by electric operation on selected divisions, energy re- 
quired for electric operation on selected divisions, cost of 
electric track facilities and equipment of selected divisions 
and comparative cost of steam and electric operation on 
selected divisions. Another table is included which gives 
the comparative data for steam and electric operation for 
all the selected divisions within the zone, aggregated into 
one operating system. The growth of traffic, both freight 
and passenger, of track, and of tractive power for the 
Class 1 railroads in the superpower zone from 1900 to 
1919 is shown in Fig. 9. The annual rate of growth has 
been 5.3 per cent in Passenger-miles, 4.5 per cent in ton- 
miles, 0.75 per cent in all track, and 6.6 per cent in trac- 
tive power of locomotives. 


The amount of money required for electrification is 
$570,000,000. This figure is based on costs prevailing in 
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1919, but at costs as of June, 1921, it would be reduced 
by 18 per cent, to approximately $467, 000,000, and be- 
fore this construction can be undertaken there would be 
further material reductions. Probably five years from 
now the entire work outlined could be done for not more 
than $400,000,000. Good railroad authorities have stated 
repeatedly that more than $1,000,000,000 a year is 
needed by the railroads of the United States for ex- 
tensions and betterments. The part of this total to be 
allocated to the superpower zone, as determined by the 
number of locomotives, would be $150,000,000. The 
amount required for normal extensions and betterments 
for three years would, therefore, be sufficient to electrify 
the 30 selected divisions of the railroads in this territory, 
with an annual saving of more than 14 per cent. The 
most valuable feature of the change, however, is not the 
amount saved, but the great increase in maximum ca- ~ 
pacity of existing trackage and general advantages of elec- 
tric operation. 

These figures indicate that with a return of normal 
financial conditions all these lines should be electrified 
before further great expenditures have been incurred to 
increase in a minor degree the capacity of the existing 
tracks and yards. Steam operation cannot satisfactorily 
meet the conditions of the crowded terminals herein de- 
scribed as the superpower zone; electric operation can 
easily do it. 


Dr. Charles E. Steinmetz, noted electrical engineer, 
explained the origin of the lightning flash ‘recently at a 
dinner of the Kiwanis Club. 

Dr. Steinmetz’s theory, as he explained it, was that 
great incandescent bodies like the sun continuously send 
out negative electricity and so are positively electrified, 
while dark bodies like the earth become negatively 
charged. The water vapors condensing as raindrops in 
the cloud therefore have a small electric charge due to the 
electric field of the earth. When, then, hundreds and 
thousands of minute drops conglomerate to a large rain- 
drop the minute charges of all the small drops collect on 
the one large drop. But the capacity of the large drop 
is very much smaller than the capacity of all the small 
drops together, and the electricity on the large drop thus 
is crowded together—that is under high pressure—and in 
this manner, by conglomeration of many small moisture 
particles into one large raindrop, the voltage rises until 


it reaches values sufficient to jump through space as 
lightning flash. 
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Ore Docks on the Lake Front at Cleveland 


Electric Arc Welding for Boiler Repairs 


Special Committee of Master Boiler Makers’ Association 
Reports Best Methods of Reconditioning Boilers* 


HE responsibilities of good welding depend largely 
| upon the skill and experience of the operator. 
Welding electrodes that have the approved 
chemical contents or elements which will give the best 
tensile strength which conditions may require should be 
adopted for boiler repairs. Another important point is 
that welding electrodes which are to be used on firebox 
welding should have even flowing qualities; that is, the 
globules of metal should flow from the point of the elec- 
trodes to the work in a steady stream, so they will not 
interfere with the skill of the operator or the functions 
of the electric arc. The efficiency of the operator should 
be fully determined before he is allowed to perform any 
welding in locomotive fireboxes, by having him weld 
specimens at least once each month. The welded speci- 
mens should be forwarded to the engineer of tests who 
will test them for tensile strength. The efficiency of the 
"*This report will be presented at the Master Boiler Makers’ Association 


Convention, which will be held at the Hotel Sherman, Chicago, May 23 to 
26, 1922. he report committee consisted of H. H. Servise, supervisot 


of welding, Atchison, Topeka and Santa Fe Railway, Topeka, Kansas, chair- 
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Fig. 3—Tool to Remove Scale from Around Bead 


welded specimen should be at least 75 per cent of the 
firebox steel used before the operator is allowed to do 
any firebox welding. 

It is important that good judgment should be exercised 
in assigning operators to autogenous welding in fireboxes. 

Another important feature is that no piece of work 
should be welded unless it is properly prepared. That is, 
all seams should be beveled as in Fig. 1, and should be 
thoroughly cleaned, free from grease, rust, scale and 
other foreign substances. It is very essential that the 
weld be made on bright clean metal and that this condi- 
tion be preserved throughout the entire welding opera- 
tion. The use of a roughing tool, as shown in Figs. 2 
and 3, or a sand-blast machine, may be used for cleaning 
purposes. All seams should be carefully fitted and 
beveled to 45 degrees, not allowing more than 1% inch 
or less than 3/16 inch space at the bottom of the V, as 
shown in Fig. 1, as determined by the use of a gage. 

If the opening at the bottom of the V closes to less 
than 3/16 inch, the welder should stop and have it chipped 
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Fig. 5—Welds Firebox and Combustion Chamber 
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Fig. 13—New Top Portion of Back Flue Sheet 
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Fig. 14—Wide Firebox Back Flue Sheet with 


Fig. 15—Welding Defective Seams 


New Top Portion 


Fig. 16A.—Another Section of the Mudring 


Fig. 16—Repairing Leaky Mudring Corner 
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to the standard opening. Under no condition should the 
plate be burned with the cutting torch to enlarge the 
opening, unless it is going to be chipped afterward. 
The following is an approximate comparison of the 
cost of labor between applying an electric welded three 
piece Mikado firebox and riveted box of same type. 


TaBLe 1.—ELectrRic WELDED FIREBOXx 


No. Rate No. Cost 
of per coh of 
Men Hour Hours’ Labor 
Laying out firebox wrapper sheet with tem 
plate, wcomplete anime cemisetee crete 1 .90 5 $4.50 
c 85 9 13:23 
Punching wiappery SUCCCsmsretleuenerneteteton 2 62 
3 * 90) 7 10.64 
Laying out flue sheet, complete......... 2 “62 
: .90) 5 7.35 
Punching flue sheet, complete.......... 2 62 
; -85 3 4.41 
Punching door sheet, complete.......... 2 62 
(ee 2.91 
.67 il : 
Flanging flue sheet under press.......... 4 a7 
.67 
‘ { .90 
Flanging dcor sheet under press and door Gi 2 5.32 
hole bya thvartcls secctteers alate civeroterecretetns 4+ Wee 
.67 
85 41 
Rolling wrapper! Sheete sn «crpeisiete cemeteries 2 te 3 : 
; 1.47 
ShearinomweapDemesie ctu rem erneneserer cts 2 = : 
3 y 4 
SiGkrsbalss Sah Asoo ous ao oo non vos anne 2 ve Ya zs 
I 
Shearing] door meSheet a crysnseedeienereaciotee 2 3 Ys is 
Burning flange on flue sheet............ if .90 VA 45 
Burning flange on door sheet.......... 1 0 yy .45 
Chipping flue sheet for welding........ 1 .85 3 2.59 
Chipping wrapper sheet for welding.... 1 .85 5 4.25 
Chipping door sheet for welding........ 1 ne 2% 2.13 
85 
Fitting firebox for welding............ 3 eee 4 8.36 
.62 
Electric welding in dcor sheet and flue 
sheets.complete! tac. cs. e sommes eae 1 90 28% 25.65 
Total's aautch 2 ke eee $100.06 


For a riveted firebox, the operation is approximately 
the same after eliminating the welding and adding the 
following: 


TABLE 2,—RIVETED Type FIREBOx 


No. Rate No. Cost 
of per of of 
Men Hour Hours’ Labor 
yy 2 
Laying out of rivet holes in flue sheet.. 2 ae Le pe78 
I 
Laying out of rivet holes in dcor sheet.. 2 pe 1% es 
Laying out of rivet holes in wrapper sheet 2 oe z 3.08 
; ‘ 5 2 
Punching rivet hcles in wrapper sheet. . 2 a aes 
oe 2 2, 
Punching rivetholes in flue sheet...... 2 oe fe 
2.2 
Punching rivet holes in door sheet...... 2 a 1% wee 
Countersinking rivet holes.............. 2 oe é ace 
: : ; 85 5 7.35 
Reaming rivet holes and changing belts.. 2 “62 
85 
Riveting ‘firebox.n.ceeee ere eere 4 = : ey 
-62 
Calking firebox inside and outside...... i 685 6 5.10 
A Weta) PEER. AMR A iae HIG OS Gaol Wont $45.78 
Costtof labor—Rivetedsirepoxa. secre ener ee ene eee $120.19 
Cost of labor—Hlectrie welded firebox..........0000 8000s eeseee 100.06 
Saving of welded) box over riveted box. seme ements 20.13 


Welding of Complete Fireboxes 


All sheets should be beveled on the rivet line from the 
fire side, Fig. 4, and plates should be fitted into the mud 
ring, held together with strongbacks or clamps about 
every 12 inches in order to hold the plates in perfect line. 
The sheet should then be tack welded between each of 
the clamps, these tacks being from two to three inches 
wide. After this operation has been performed, the 
clamps should be removed and the intermediate spaces 
welded. Do not remove the firebox from the ring until 
aiter the welding has been completed. All seams should 
be reinforced 20 per cent of the thickness of the firebox 
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seams should be reinforced on the water side approxi- 
mately 10 per cent, especially on the crown sheet. 

All welding should be started at the bottom of each 
intermediate space and finished at the top of the seam. 
For all firebox work current values from 100 to 125 am- 
peres will give the best results when properly handled by 
the operator using a 5/32-inch diameter electrode. The 
cost of welding firebox seams per lineal foot is 90 cents 
for labor, material and current. 


Preparing Half Side and Door Sheet for Autogenous 
Welding—Electric Arc Process 


The sheet should be bolted to the mud ring after it has 
been properly beveled and fitted in place. Staybolts may 
be applied, except the rows adjacent to the seam which 
is to be welded. All horizontal seams should be held in 
place with strut bolts and tack welded every 12 or 14 
inches. Then weld intermediate spaces alternating from 
the center space to the spaces at either end. Vertical 
seams should be tack welded similar to horizontal seams. 
After being tacked, start welding at the bottom space 
and finish at the top space. Current values for successful 
welding on this operation are the same as for firebox 
welding described in Fig. 4 and Fig. 5. 


Firebox Sheet Knuckle Patch - 


Preparation for the firebox knuckle patch, Fig. 6, may 
be followed as outlined for the welding of half side sheets 
or door sheets. The use of strut bolts can be applied to 
hold the patch in line when necessary, while it is being 
tack welded. All strut bolts should be removed after the 
patch is welded into position. Under no circumstances 
should the knuckle patch be less than 12 inches from the 
crown sheet. 

Weld the horizontal seam first, then tack weld the 
flanged sheet to the wrapper sheet. Remove all strut 
bolts and weld intermediate spaces, working from the 
bottom on either side of the patch upward, finishing at 
the top. 

The method indicated in Fig. 7 is to be used to repair 
cracks or staybolt holes in firebox sheets, where not more 
than 6 sunflowers are necessary to complete repairs, and 
not more than 4 sunflowers will be joined together. This 
system may be used in main shop general repairs, sun- 
flowers not to exceed 3 inches in diameter. 


Repairing Small Portions of Side Sheet When 
Defective 


When the defective portion does not extend over six 
staybolts repairs can be made as per instructions given 
for Fig. 7, which give very efficient results. When the 
defective portion is larger it is then advisable to use 
methods as shown in Fig. 8, by removing the defective 
portion and applying a patch of an elliptical or circular 
shape. In preparing the patch, sufficient metal should be 
allowed so that when the patch is dished 34 to % inch in 
the center, the opening at the seam should not be more 
than %4 inch wide at the bottom of the V and not less 
than 3/16 inch. The patch should be held in place by 
strut bolts and tack welded on the right or left side; then 
weld this seam of the patch before the opposite side is 
tack welded so as to allow the patch to draw in one 
direction. After this has been completed, allow it to cool 
before starting on the opposite side. By so doing there 
will be only one contraction of the patch. All welding 


sheet on the fire side, and when it is possible to do so,should be performed from the bottom upward. Should 
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the defective portion of the side sheet extend down to 
the mud ring rivets, apply the patch as in Fig. 9, the 
welding operation being the same as outlined for Fig. 8. 
Should the defective portion be at a location as shown 
in Fig. 10, the seam may be applied as indicated by line 
sees 

Should the plate at the corner of a firebox become de- 
fective and it is necessary to remove a portion of the side 
sheet and the door sheet, it is advisable to apply a patch 
to both sheets as in Fig, 11. 

Should it be necessary to make repairs according to 
Fig. 12, Fig. 13 and Fig. 14, the work should be done 
by welding from the fire side of the sheets and reinforc- 
ing them on the water side. 


Method of Welding Patch on Front of Crown Sheet 


Should it be necessary to repair the front portion of 
the crown sheet, prepare for welding as outlined previ- 
ously. A very important feature about this welded seam 
is that the front point adjacent to the flue sheet should 
be finished on the flat side of the firebox at least 12 to 14 
inches below the highest point of the crown sheet. 


Welding of Seams 


Should the seams become defective and cause consider- 
able trouble, repairs can be made with the electric arc 
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welding process as is shown in the two Figs. 15 and 16. 

Remove the defective portion of the flange which is 
giving trouble by cutting through the back of the rivet 
holes, bevel the sheet 45 degrees and tack weld it every 
12 inches; then weld the intermediate spaces. The weld 
should not be any thicker than the flange of the sheet 
and tapered to a point. Weld the old rivet hole solid as 
shown in the illustration. 


Broken Mud Ring 


In case mud rings become broken it is advisable to 
remove a portion of the firebox sheet. Bevel the mud 
ring from the top, giving at least 44 inch opening at the 
bottom of the V, and reinforce it at the bottom of the 
mud ring after the weld has been completed on the top 
portion, afterward applying a patch on the portion of the 
firebox which was removed. The welding current values 
for welding mud rings are from 125 to 150 amperes, 
using an electrode 5/32 inch in diameter. 


Door Collar Patch 


Should the door collar become defective, the defective 
portion can be removed and a patch applied as in Fig. 17, 
following the instructions as described for Fig. 8. 


Improper Welding of Firebox Plates 
Under no circumstances should welding be allowed di- 
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Fig. 18—Welding Should Never Be Used 
in Knuckle of Firebox Sheets 


Fig. 19—Method of Applying Flues in Locomotive Boilers by Means of Electric Arc Process 
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rectly in the knuckles of firebox sheets as shown in Fig. 
18. This ruling should be enforced vigorously. 


Welding of Flues in Back Flue Sheet 


It is very important when applying copper flue ferrules 
to the flue sheet that, when set and rolled, they do not 
project out on the fire side of the sheet, so that when the 
flue is applied the copper will not project under the flue 
beads. After the flues have been set in the regular man- 
ner very good results may be obtained by welding them 
after having received the second working. That is, if the 
locomotive is allowed to work its regular turn until the 
flues are to be reworked the second time, this allows the 
flues and flue sheets to get a good setting. By so doing 
it also allows the grease to be burned off the sheet. 

After the flues are worked the second time, the sheets 
should be thoroughly sand blasted. When welding, the 
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top row of flues should be welded first, the second row 
next and so on until the entire flue sheet has all the flues 
welded to it. It is very essential that the welding should 
be started at the bottom of the flue and worked upward, 
the weld being finished at the top of ‘the flue to secure 
satisfactory results. It is in this operation that the flow- 
ing quality of the electrode is most important and should 
be given a great deal of consideration.’ The heat values 
on this operation vary widely and the ‘operators should 
use their best judgment according to conditions. 

Care should also be exercised on the part of the op- 
erator not to apply an excessive amount of metal. If he 
should do so, the metal will overheat and crack and cause 
a great deal of trouble. If it should become necessary 
to reweld a leaky flue which has been welded previously, 
all the old metal or weld should be removed and the flue 
worked tight into the sheet. 


Principles of Car Lighting by Electricity 


A Course of Practical Lessons Explaining the Main Details 
of This Important Application 


By Charles W. T. Stuart 


XVI—Safety Car Lighting Equipment (Continued) 


N the October issue, the Type F Safety equipment was 
| described. The Type F2 equipment, a description of 
which follows, is a modification of the Type F equip- 
ment, designed to meet the Pennsylvania Railroad speci- 
fications. The Type F2 equipment may be found also on 
roads other than the Pennsylvania Railroad. 
The F2 equipment consists of a generator, generator 
regulator, lamp regulator and storage battery. 


The Generator 


The generator, Fig. 1, is a four-pole, shunt-wound 
machine, rated at 2 kw. at 40 volts and representing a 
generator capacity of 50 amperes. Thr four laminated 
pole shoes with their field coil retainers are fastened to 
the magnet frame by through bolts with lock washers 
and nuts. The cast-iron heads of the generator, which 
supports the bearings, are bolted to the ends of the 
magnet frame. Ball bearings, known as No. 412 size, 
are employed on both the pulley and commutator ends 
of the shaft, and are lubricated by grease which is en- 
closed in the heads. 

The pole changer is of the rotating type. The friction 
of the brushes is sufficient to cause the pole changer to 
revolve through an angle of 90 degrees when the direc- 
tion of the car motion is reversed. The travel of the pole 
changer is limited by stops. 

Three wires—positive generator, negative generator, 
and positive field—are brought out through the bushed 
holes in the generator frame and connect to correspond- 
ing terminals on the generator regulator panel. The 
negative field is connected directly to the negative gen- 
erator lead inside of the generator frame, as shown in 
diagram, Fig. 2. 

The F2 generator has a cutting in speed of 250 r.p.m. 


and a full load speed of 333 r.p.m. On a car equipped 
with 36-in. wheels and an 18 to 8 reduction; that is, 
18-in. axle pulley and 8-in. armature pulley, this gen- 
erator will cut in at a train speed of 12 miles per hour 
and carry full load at a train speed of 15.9 miles per hour. 
It will also operate safely at a train speed of 75 miles 
per hour with wheels worn to the limit. Therefore, this 
equipment is suitable for either branch line service where 
the train speeds are low or main line service where higher 
train speeds are attained. 

The F2 armature weighs 215 lb.; the generator, less 
pulley, 775 lb., and the total weight of generator and sus- 
pension complete, is 1,075 Ib. ; 


Generator Regulator 


The generator regulator, Fig. 3, is rated at 40 volts, 
41 amperes, and consists of a slate panel on which are 
mounted the automatic switch H, field rheostat or carbon 
pile C, voltage regulating coil A and current regulating 
coil S, with their respective plungers and lever arms, 65 
ampere main, and 10 ampere field fuses O and W, re- 
spectively, two resistance units Q and WN, a knife 
switch K-1, and a special resistance coil R. The auto- 
matic switch H consists of a fine wire shunt, or lifting 
coil and a series, or “kick off” coil of heavy copper rib- 
bon, both surrounding an iron core which forms part of 
the magnet frame or yoke of the switch. At the bottom 
is pivoted a movable iron armature to which is attached 
the laminated conductor of the switch. The two contact 
surfaces of the switch are protected by secondary carbon 
contacts so arranged as to be easily renewable. 

Referring to the wiring diagram, Fig. 4, note that the 
lifting coil J is connected directly across the generator 
terminals, while the series coil K is connected directly 
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into the generator circuit. The series coil is known as 
the “kick off” coil on account of its action. When the 
generator voltage falls below that of the battery, a re- 
verse current will flow back through this coil from bat- 
tery to generator. This current will generate a magnetic 
flux which will oppose the shunt coil magnetism, and 
when these two forces balance, the switch is opened by 
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The series regulating coil S is made of heavy copper rib- 
bon and is connected in series with the main circuit. 
The knife-switch, K-1, Fig. 3, is used in changing the 
control from 24 to 41 amperes or vice versa. 
The resistance unit Q, located above the automatic 
Palo ands, 15 


It is connected in the voltage regulating coil 


switch, has resistance of 16.5 ohms,. with 
ohm taps. 
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the force of gravity. The N unit connected in the lifting 
coil circuit has a resistance of 45 ohms. 

The field rheostat or carbon pile C, Fig. 4, is connected 
in series with the field circuit. It is 23% in. long and con- 
tains approximately 168 discs, which are 1/64 in. thick 


Fig. 2—Diagram of Field Coil Connections 


and 17g in. in diameter. The resistance of this pile is 
automatically adjusted by movement of the plungers of 
the regulating coils. The shunt or voltage regulating 
coil A is connected directly across the generator fale 
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1i—Type F-2 Safety Generator 


circuit. This unit is so constructed that a small section 
of the resistance XY can be short-circuited by a round 
brass rod fitted into suitable terminals. 

The pull of the regulating coils upon their respective 
plungers and lever arms is opposed by the pull of the 
two small spiral springs, G and G-1. The spiral springs 
are approximately % in. in diameter and 2 in. long, 
Spring G-1 is connected to the voltage regulating coil 


lever arm, and spring G to the current regulating coil 
lever arm. 
The upper end of spring G-1 is attached to a pin pro- 


vided with three small slots. The regulated voltage con- 
trol may be changed by moving the spring from one slot 
to another, 

Lamp Regulator 


The lamp regulator, Fig. 5, is rated at 40 volts, 50 
amperes and consists of a slate panel upon which are 
mounted two carbon piles E, electro magnet M, and re- 
sistance unit M-1. . Each carbon pile is approximately 
6 in. long and contains 48 discs % in. thick and 25 in. 
in diameter. The two carbon piles are connected in 
parallel with each other and in series with the lamps. 
See Fig. 4. The electro magnet M automatically controls 
the pressure on the carbon piles. The design and opera- 
tion of the F2 lamp regulator is the same as that for the 
Type F lamp regulator which was described in the previ- 
ous article. 
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Suspension 


The Type F2 Safety generator is suspended from the 
car body. The Safety or P. R. R. constant belt tension 
devices are used with this equipment. These devices have 
been also previously described. 


Storage Battery 


The storage battery used with the Type F2 Safety 
equipment consists of 25 Type A-4-H Edison cells. This 
battery is assembled in five trays, five cells per tray, and 
has a capacity of 150 ampere hours. 

The lead storage battery may also be used with this 
equipment. 


Operation 


Fig. 4 is a wiring diagram of the Type F2 Safety 
equipment and the operation is as follows: 

When the car is standing and the generator inopera- 
tive, the current to the lamps is furnished by the storage 
battery B.. When the -car is in motion, the generator 
voltage will build up due to the residual magnetism of 


LAMP REGULATOR. 
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Fig. 5—Type F-2 Lamp Regulator 


the field pole pieces. At slow speeds there is generated 
in the armature a low voltage which forces a small 
amount of current through three parallel circuits—the 
lifting coil J of the automatic switch, the field circuit F 
and the voltage regulating coil A. 

While the voltage regulating coil A circuit is alive at 
this time, it remains inoperative until the battery is fully 
charged. As the field of the armature is increased, and 
the current in the field circuit increases the field mag- 
netism strength, the generator voltage also increases until 
it reaches 33 volts, at which time the automatic switch H 
should close and connect the generator to the car wiring. 

The instant the automatic switch closes all circuits be- 
come energized, the machine furnishing the current for 
any lamps that may be turned on, but delivering only a 
small amount of current to the battery. ‘As the speed 
increases the generator voltage rises, and the generator 
current increases until the current and voltage regulating 
devices go into operation. The generator regulator is 
what is known as the combination current and voltage 
type which produces a charging current that is constant 
until the battery is fully charged and then tapers off to 
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approximately 10 amperes. In addition to this, the regu- 
lator is designed so that it will either limit the battery 
charging current to 24 amperes independently of the 
lamp load or limit the total generator output to 41 
amperes. 

With the first method, known as “constant battery 
charging current with voltage control,” 24 amperes will 
flow to the battery, providing the voltage coil does not 
come into action, and all lamp current will simply be 
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Fig. 6—Schematic Wiring Diagram of Main Circuits, Knife 
Switch Up for 24 Ampere Battery Charge; Knife Switch Down for 
41 Ampere Generator Current ; 


added to the generator load without affecting the amount 
of charging current. With the second method, “full gen- 
erator output,” a useful current of 41 amperes will be 
available, either for lamps, battery, or both. The change 
from one method of operation to the other is made by 
throwing the knife switch, K-1. The schematic diagram, 
Fig. 6, shows how the change in control is made. 

When switch K-1 is up, the series coil S controls the 
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Fig. 7—Schematic Wiring Diagram of Main Circuits. Knife 
Switch Up for Constant Current of 24 Amperes to Battery. Heavy 
Line Shows Path of Charging Current from the Generator Through 
Battery and Current Regulating Coil, Back to Generator. The Path 
of the Lamp Current is Shown By Dotted Lines. Note that the 
Lamp Current is Direct From Generator to Lamps and Does Not 
Pass Through the Current Regulating Coil 


battery charging current at 24 amperes. The lamp load 
is picked up by the generator because the negative lamp 
tap is made on the generator side of the series coil S, 
which means that no lamp current flows through that 
coil. This is further illustrated in Fig. 7. The path of 
the lamp current is shown by dotted lines, while that of 
the battery is shown by heavy lines. 

When the knife-switch K-1 is down, as shown in Fig. 
%, the negative side of the lamps is connected to the top 
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of the coil S so that both lamp and battery current flows 
through the coil. But the knife-switch K-1 now also con- 
nects resistance R in parallel with the coil S, and this 
resistance is so designed that it allows a current of 17 
amperes to shunt by the coil when 24 amperes are flow- 
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Fig. 8—Schematic Wiring Diagram of Main Circuits. Knife 
Switch in Down Position Generator Current Regulated to 41 
Amperes and Current to Battery and Lamps is Shown By Arrows 


ing through the coil itself. Therefore, the current which 
may flow through the multiple circuit of the series coil $ 
and resistance coil k (sum of lamp and battery current) 
is now 41 amperes instead of 24 amperes, as is the case 
when the coil acts alone. This means that the maximum 
generator output, with knife-switch K-1 down, is 41 am- 
peres, which is divided between battery and lamps, ac- 
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Fig. 9—Wiring Diagram of Type F Safety Equipment for the 
Pullman Company 


cording to the number of lamps turned on and the bat- 
tery condition. If all lamps are turned off, the entire 
generator output of 41 amperes is available for battery 
charging. This adjustment allows an extra heavy charg- 
ing current in the winter and at other times when it is 
needed. 

So far we have considered the current regulating fea- 
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ture of the generator regulator, which may be summed 
up as follows: 

Knife-swntch K-1 in up position—The generator cur- 
rent will be the battery charging current of 24 amperes 
plus the lamp load. If the lamps are turned off, the total 
generator useful current will be 24 amperes. If the 


lamps are turned on and the lamp load is 17 amperes, the © 


total generator useful current will be 24 ampere battery 
charge plus 17 ampere lamp load, or 41 amperes. 
Knife-switch K-1 in down position—The generator 
useful current will be 41 amperes. If the lights are 
turned off, the battery will receive a charging current of 
41 amperes. If the lamps are turned on and the lamp 
load is 17 amperes, the total useful generator current will 
be 41 amperes, but the battery will receive the total gen- 
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is provided with a short-circuiting device, which shunts 
out section XY of the unit. It was also stated that the 
upper end of the spring G-1 was attached to a slotted pin. 
This pin has three slots and the end of the spring may 
easily be placed in any one of the three slots. 

When this equipment is used with the Type A-4-H 
150 A. H. Edison battery, the short-circuiting device of 
the Q unit should be open, and closed when used with 
the lead battery. 

The voltage setting when used with lead battery is 39 
volts. This is made by closing the short-circuiting device 
and placing the spring G-1 in the top notch of the pin. 

The voltage setting when used with the 150 ampere 
hour Edison battery is governed by the season of the 
year. The setting for summer is 43 volts, which is 
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Fig. 10—Front and Back Connection of Generator Regulator Panel 


rator useful current of 41 amperes, less the lamp load of 
17 amperes, or 24 amperes. 

The Type F2 generator regulator is a combination cur- 
rent and voltage type which produces a charging current 
that is constant until the battery is fully charged and then 
tapers off to approximately 10 amperes. Therefore, the 
above current regulation is only effective up to the point 
where the battery is fully charged and then the change 
is made from current to voltage regulation and the cur- 
rent to the battery will gradually taper to approximately 
10 amperes. 

The point of change from current to voltage regulation 
is governed by the setting of the voltage regulating coil 
A. If this coil is set to operate at 40 volts, the voltage 
coil will go into operation and hold the generator voltage 
constant at that amount. 

The voltage regulating coil on the Type F2 generator 
regulator has four settings. As stated above, the 4 unit 


obtained by opening the short-circuiting device and plac- 
ing the spring G-1 in the bottom notch. 

The setting for spring or fall is changed to 45 volts 
by simply moving the spring G-1 to the middle notch. 
The setting for winter is changed to 47 volts by simply 
moving the spring G-1 to the top notch. 

At this point the fact should be emphasized that these 
voltage settings are effective and that the control is 
changed from current to voltage at these respective volt- 
ages regardless of the position of the knife-switch K-1. 

It is interesting to note that the normal charging rate 
of the Edison A-4-H battery is 30 amperes, and the regu- 
lated charging current, with the knife-switch K-1 up, is 
only 24 amperes, which is entirely satisfactory for this 
service. 

Adjustments 

The automatic switch is set by the manufacturer to 

close at 33 volts. No adjustment in service should be 
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necessary, but if it is found necessary to make an ad- 
justment, this should be made at the stop at the left of 
the hinge pin; raising the stop makes the generator cut 
in at a higher voltage, and lowering it makes it cut in at 
a lower voltage. The position of the iron core should 
not be changed to make any adjustment, since, when 
properly set, the bottom of the core, contact block and 
top carbon block are all on the same horizontal line. 
This is necessary in order to insure that the copper brush 
will be drawn up solid so as to make a good wiping con- 
tact. 


Generator Voltage Regulating Coil 


The adjustment of this coil is set at the factory so that 
it regulates at 39 volts with lead batteries. When Edison 
batteries are used this voltage is raised to 43 volts by 
opening the short-circuiting device and 45 or 47 volts 
by moving the spring G-1 to their respective slots as 
just explained. 

In order to check the setting of this voltage coil 4, 
first be sure that no current is passing through the cur- 
rent coil S. This can be done by placing a sheet of in- 
sulating material between the contacts of the main 
switch, then no current is passing through the current 
coil, and the stop on its plunger rests against the top of 
the coil head. With the above conditions, the car run- 
ning at a speed of 15 miles an hour or more, the voltage 
across the generator terminals on the regulator should 
be as given in the preceding paragraph. If the voltage 
is not correct it should be adjusted by the spring G-1. 
To check the setting of the current coil S connect an 
ammeter in the generator circuit. If the stop on the 
plunger guide of this current coil S is raised from the 
coil head, the coil is regulating and the ammeter will 
show at what current the coil is regulating. If the stop 
is against the coil head, compress the field carbons by 
hand through the voltage coil lever, and note the cur- 
rent at which the series coil plunger begins to rise. This 
is the current at which it will regulate, and should be 
within the rating of the dynamo. 

The number of field carbons should be such that, when 
the car is standing, and the carbons are tightly com- 
pressed by the spring of the voltage solenoid, it is pos- 
sible to slip a gage 1/64 in. thick between the projec- 
tions on the levers of the voltage coil and series coil. 


Lamp Regulator 


To adjust the lamp regulator it is first necessary to 
get rid of all magnetism in the operating magnet, which 
can be accomplished by disconnecting the battery. Next, 
remove the air dash pot AD, Fig. 5, using special care 
not to injure the graphite plunger, leave the plunger hang 
loose on the arm and short circuit the two terminals 
marked —L and —B at the upper and lower left hand 
corners of the board, respectively. A piece of No. 12 
copper wire makes a convenient jumper for short cir- 
cuiting the two terminals. Next, unscrew the corrugated 
adjustment nut CN, Fig. 5, until the armature 4X can 
be moved smoothly throughout its full arc of travel, then 
screw up very slowly on the adjusting nut CN until the 
armature AX will not quite go back against the top stop, 
after which the adjusting nut CN should again be un- 
Screwed one-half turn and locked in this position by 
Means of the clamping screw. The armature can now 
be moved through its complete arc of travel. To adjust 
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the spring tension it is first necessary to get current on 
the panel and through the lamps, but without removing 
the short-circuiting jumper from the two terminals on 
the board. Then, with a voltmeter connected to the two 
mains of the lamp circuit, turn on or off the lamps until 
the instrument indicates 30 volts, at which time the ten- 
sion of the spring should be so adjusted by nut NS that 
the armature will remain in any position throughout its 
stroke. It is important to maintain 30 volts at the lamps 
while adjusting the spring. 

Next, remove the short-circuiting jumper, replace the 
dash pot, and note the lamp voltage as indicated on 
the voltmeter. If the drop across the carbon pile ex- 
ceeds two volts, the carbons should be removed and the 
dust blown off the discs. If this does not reduce the 
drop, tighten up one or two notches on the adjusting nut 
CN. Next turn on all lamps and put the car on charge 
to obtain high voltage, aud note the lamp voltage as in- 
dicated by the voltmeter. If it exceeds 32 volts the set- 
ting is incorrect and must be done over, or there is some 
defect in the regulator which should be corrected. 


Type F Safety Equipment for the Pullman Company 


The Type F Safety equipment for the Pullman Com- 
pany was designed to meet with the Pullman specifica- 
tions. It consists of a 4-kw. underframe generator, a 
generator regulator rated at 40 volts 100 amperes, a lamp 
regulator rated at 40 volts 50 amperes and a storage 
battery. 

The general principle of operation is the same as that 
of the standard Type F equipment previously described, 
but the terminals on the regulators do not have the same 
It may also be noted by referring to the wiring 
diagram, Fig. 9, the addition of an adjustable resistance 
R, connected in multiple with the current regulating 
coil 5. This adjustable resistance is provided with a 
sliding rod which shunts out sections of the resistance 
thereby changing the value of the current regulation to 
45, 60, 75, or 90 amperes as desired. A 90-ohm. exciter 
unit has also been added, and located on the generator 
regulator panel. 

The current regulation may be “current to battery.” or 
“total generator current,” depending upon the location of 
the lamp wire at the bottom of the generator regulator 
panel. The wire is connected to the +L terminal for 
“battery current regulation,” and to +B terminal for 
“total generator current regulation.” 

The front and back connections of the generator regu- 
lator are shown in Fig. 10. 

Space and connections have been provided on the front 
of the generator regulator panel for the mounting of an 
ampere-hour meter. 


The program for Japan’s government railways calls 
for an expenditure of $278,000,000 for new construction 
and $432,500,000 for improvements during the next ten 
years, according to the British Board of Trade Journal. 
During the past year some 200 miles of new line were 
built and during the present fiscal year it is estimated that 
an additional 260 miles will be built. 

On January 1 of this year freight rates were increased 
by 28 per cent. The gross revenue for the fiscal year 
1920 totaled some $102,500,000 from passenger traffic and 
$66,000,000 from freight traffic. Privately owned rail- 
ways have increased greatly. 
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A Welded Locomotive Tender Tank 


By J. W. Murphy 
General Foreman, Boston & Albany, West Springfield, Mass. 


RoUT six months ago, the Boston & Albany built 
A at its West Springfield shops a tender tank of 8,000 
gals. capacity, which was constructed entirely by welding 
the parts together by the electric arc process. So far as 
is known, this is the first departure from the customary 
riveted type construction for tender tanks. 

Considerable experience had been gained with electric 
welding, particularly in boiler work, and in view of the 
successful results obtained and the adaptability of this 
process for welding seams of tanks, it was decided to con- 
struct a complete tank by electric arc welding. In the 
case of a riveted joint, considerable time is required for 
laying out and punching rivet holes and caulking. This 
work is not necessary in the case of electrically welded 
joints. Riveted joints cannot equal in strength the solid 
plate on account of the loss of metal at rivet holes, but 
welded joints if properly made have the strength of solid 
plate. It is recognized that the welded joint is strong and 
reliable and in the case of tank work there is the added 
advantage of freedom from leakage. 

The’ electric welding process is superior to the oxy- 
acetylene process for certain kinds of work and as pecul- 
iarly, adaptable for joining plates and welding seams. 
Oy-acetylene welding can be used successfully in many 
kinds of repair work, but it is difficult to weld steel plates 
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side sheets. The whole construction results in a water- 
tight tank of good appearance and great strength. 

In assembling the various parts of the tank, approxi- 
mately 1,200 linear feet of welding was done. 
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Detail of Joint Between Angle and Sheets 


The following tabulation shows the welding work in 
detail : 


Butt-welded seams 4 in. plate........-..seeeee eee e cee racine ase 95 it. 
8 Reinforcing tees, 314 in. by 3% in. by % in 550 ft. 
10 Tank angles, 2% in. by 2% in. by 5/16 in oo 410 ft, 
23 Side tees, 314 in. by 3% in. by % in....----seeeeseeeseses 120 ft 
Beading at coal side... .+.oeeec +> 5604 ocise2} 0 a> lieeipibe meas 25) tke 

Total linear feet of welding........+++seeeeecesserssees 1,200 ft. 


The safety appliances and tank lugs are riveted to the 
sheet. The completed tank is 26 ft. long, 10 ft. wide and 
5 ft. 2 in. high, having a capacity of 8,000 gals. of water 


All Seams in This Tender Were Joined by Electric Welding 


or sheets by this process on account of buckling and 
bulging produced by the heat. 

The manner in which the sheets were welded to the 
tank angles is shown in the illustration. This is a satis- 
factory method, as the welding can be done readily at 
reasonable cost and the strength of the joint is in excess 
of that usually obtained by the riveted type of construc- 
tion. The side plates are butt-welded and the tank braces 
and splash plates are afterwards securely welded to the 


and 12 tons of coal. It is supported on a cast steel underay 
frame and is used with a Pacific type locomotive in pas- 
senger service. The photograph shows the appearance 

of the completed tank, the absence of rivet heads being 

particularly noticeable. 

The welded method of construction eliminates the ne- 
cessity of punching rivet holes in sheets, tees and angles 
and there appears to be less likelihood of leaks develop- 
ing in service. 


The Protection of Metallic Arc Welds’ 


Inspection Methods Used in Determining Integrity of Joints; Coated 
Electrodes Insure Purity of Welding Metal 


ETAILED description or instructions for any 
particular welding job or jobs must of necessity 
be handled in detail papers. However, it might 

be well to include a few words on weld inspection and 
weld records. 

It is generally admitted that imperfect soundness 
of a weld structure is the most common cause of 
failure of a welded joint. A knowledge of the factors re- 
sponsible for these imperfections in soundness and of the 
conditions necessary to eliminate their existence, 
leaves little or no excuse for their occurrence. 

The factors responsible or contributory to unsound 
arc welds are: (1) poor fusion; (2) slag inclusions and 
(3) porosity. Of the different methods of inspection 
to determine the character of welds, the most prac- 
tical are: 


1. A visual examination to determine— 


(a) Appearance of weld surface as an index to work- 
manship. 

(b) Uniformity of deposit as an indication of faithful- 
ness with which fused-in metal is placed in posi- 
tion and, therefore, ability to manipulate arc. 

(c) Existence of slag and presence of porosity as evi- 
denced by appearance of deposit surface and uni- 
formity of fusion between deposits. 

(d) When conditions permit, fusion of deposited metal 
to edges at bottom of “8” by inspection of reverse 
side of joint. 


2. ‘Chipping base of deposits with cold chisel to determine ad- 
hesion of deposit and ductility of fused-in metal. If the chipping 
breaks short, like a poor grade of cast iron, it is a fair indication 
that the metal is burned (oxidized), due to excessive heat or 
excessive arc length. Welds composed of such metal will break 


comparatively easy when subjected to transverse stresses. 


J. Penetration test to detect linked gas pockets, slag pockets, 


porosity and unfused zones. 

While there are a number of possible methods that 
may be used to detect such weld imperfections, the 
penetration test offers the most reliable indication of 
unsoundness extending through the weld section, iso- 
lated unfused zones, globule inclusions, gas pockets, 
etc., will of course not be detected by the penetration 
test. 
Kerosene is a most effective liquid for this purpose 
and it is usually easy to obtain. When sprayed on one 
side of a welded joint, if there exists a chain of un- 
fused zones, slag pockets, gas pockets, porosity, etc., 
through the weld section, the kerosene will be drawn 
into the capillaries produced by the imperfections and 
if'these extend through the section, a stain will ap- 
pear on the reverse side of the joint. This method 
will be found convenient and effective to determine 
whether or not a joint is leak proof to water, air, 
steam, oil, etc. 

In addition to the visual examination of welds and 
penetration test, operators should check their aptitude 
by welding sample pieces of boiler plate together un- 
der conditions similar to those encountered in prac- 


*The second part of a paper presented before the Metropolitan Section of 
the American Welding Socicty by E. Wanamaker, electrical engineer of 
the Chicago, Rock Island & Pacific Railway. 


tice. By bending to a point of rupture and noting the 
angle of bend and the appearance and structure of the 
weld metal, fair evidence of the operator’s ability to 
produce a sound weld will be given, and the nature of 
the defects found, if any, will be suggestive as to their 
cause. While it is quite possible for a weld to contain 
a number of small distributed imperfections without 
greatly affecting its quality, they should be eliminated 
to as great an extent as possible. Foremen should oc- 
casionally require operators to make tests of this na- 
ture in order that both may know the quality of the 
work that can be produced. 

A further check may be made by submission of 

welded samples to an engineer of tests. To obtain 
tensile test, samples should conform to standard cou- 
pons. 
It is probable that a record of all important welds 
is most easily made and maintained by using some 
such system as is employed on the Rock Island Lines, 
which consists of having the following record legibly 
stamped on the weld by at least 3 in. steel stencils 
in the following form: 


13), 
(Mo. — Day — Yr.) Railroad 
CO = O26 iw Bb SG 
Local shop symbol or shop Welder identification number 


abbreviation mark. or mark, 


Note: E. denotes electric weld. 


In case of any industry other than a railroad, the 
name of manufacturer or firm should be substituted 
in place of the name of the railroad. 

Some of the most recent developments include the 
use of high manganese for certain wheel flanges 
where wear is very excessive, also the splicing of cen- 
ter and side sills of steel under-frame for freight car, 
including draft gear support—all entirely arc welded 
without a rivet. 

Some time ago we developed a diagonal strapped 
butt welded joint for high pressure and heavy loads, 
which is giving excellent service and promises to be 
extremely successful. All parts of this joint are simi- 
lar to all other important welds, and practically all 
welds are important, at least in so far as railroads 
are concerned, All are carefully fitted with perfectly 
smooth surfaces provided for applying the added 
metal. 

We are not attempting to show any statistics as 
regards individual savings, or economies effected, 
since this would require long drawn out mileage and 
service tables for various parts, with qualifying state- 
ments and description of far-reaching effect of in- 
direct savings, necessary for intelligent comparison. 
However, we might well say that in checking our rec- 
ords last spring, we found that on an investment of 
$150,000 for electric are welding equipment, we are 
realizing an annual net return of approximately 300 
per cent. This figure will not hold for future and 
additional equipment, since we have already reached 
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the point where 40 to 50 per cent is all that might be 
possible in many instances, as we have about ex- 
hausted the jobs on which such tremendous savings 
can be made, and the only savings possible to effect 
will be the direct saving over some other process of 
manufacture or repair, the essence of time factor, 
etc., not being felt. 

Just here it might be well to say that on the Rock 
Island Lines we have recently abandoned the use of 
all electrodes other than coated, experience having 
demonstrated that in so far as autogenous welding 
is concerned, the best is none too good, and this holds 
for welding equipments as well as for welding ma- 
terials. This fact is especially noticeable when con- 
sidering the comparatively low resistance fatigue of 
metals in cast forms. 

In drawing up our general and detail welding in- 
structions and specifications, we have this slogan 
constantly before us, “The best is none too good,” 
and we include engineering, design, supervision and 
operation, as well as equipment and materials. Also, 
we have one other slogan which may be said to be 
secondary to the primary slogan, that in so far as 
autogenous welding is concerned, “Cleanliness 1s 
ahead of Godliness.” 

Viewing this art or process from a somewhat aca- 
demic standpoint as well as from the standpoint of 
the technician or commercial user, we are forced to 
the conclusion that there are two general types or 
classes of autogenous welds—based on atmospheric 
interference, “the protected weld” and “the unpro- 
tected weld.” 

We are all familiar with the thermit and gas weld- 
ing methods and the means taken to secure as far as 
possible “protected welds.” Hence, since the scope 
of this paper is limited to the electric arc welding 
process, we will deal with protected and unprotected 
electric arc welds, which is in turn confined to the 
metallic arc process. 

Our years of experience indicate that the metal 
passing from the end of the electrode into the weld is 
in a highly molten state, indeed a generous proportion 
of it in a gaseous state, and therefore extremely sus- 
ceptible to atmospheric effects, even though the jour- 
ney through the atmosphere is a short one. By the 
use of such coated electrodes as are used on the Rock 
Island Lines (and which it might be well to say, only 
developed after years of experience and patient re- 
search, laboratory and service tests), we were able, to 
a large degree, to eliminate this damaging effect. In- 
deed not only were we able to protect the iron and 
low carbon content steel electrodes, but to go further 
and protect the various alloys, the use of which is 
extremely desirable to meet certain conditions. Such 
alloys as tungsten, nickel, vanadium, chromium, 
molybdenum and manganese meeting some very 
necessarily important demands. 

Electrodes to have any real value must be very 
carefully produced to meet the necessarily exacting 
specifications which in turn were only possible as a 
result of the combined prolonged efforts of those en- 
gaged in scientific research, development and appli- 
cation. 


To produce such electrodes, much expense is in- 
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curred over and above the production of mere wire, 
but in no other way is it possible to produce the 
proper electrode with the proper welding character- 
istics for the job in hand and secure a “protected 
weld.” Even so a comparison of high grade electrode 
costs compared with per pound prices of steel cast- 
ings, high grade steel, etc. (long ago deemed neces- 
sary), causes one to marvel at the low electrode cost. 
It would seem reasonable to believe that we could no 
more secure good electric arc welds with poor or un- 
suitable welding material than we could expect to 
build machinery or structures out of poor or unsuit- 
able materials. 

In writing specifications, the section dealing with 
inspection and test, should give consideration not only 
to the tensile strength test, but also to impact and 
breathing test, repeated and alternate stresses, etc. 

It is today possible to make very high tensile welds, 
but the consideration of this factor alone is not suff- 
cient, especially when attention is called to the aging 
of iron and steel, and the effects of fatigue in connec- 
tion therewith. The percentage of elongation ob- 
tained by some of the methods for testing welds is not 
a criterion—the elongation of the original stock de- 
pending to a large degree on the tensile strength of 
the added metal. However, in the great majority of 
engineering designs where autogenous welding is 
used, the elongation in itself is not such an important 
factor, provided the impact, breathing, repeated and al- 
ternate stress tests are sufficiently good to resist 
fatigue. 

However, I feel that in considering the autogenous 
weld, we have been very weak in not considering care- 
fully that factor known as fatigue. As one of the 
pioneers in autogenous welding, I might be able to 
present the following to you in such a manner as to 
prove of some interest. 

When the railways first went to the cast steel truck 
side for car work, the primary object in the instance 
of freight car, was to get away from the failure of 
truck frames, due to the eventual cracking of arch 
bars at bolt holes, or at points where the arch bar has 
a gamber or angle formed to produce the arch section 
or structure. The elimination of bolts and their con- 
tinual loosening, which either caused eventual truck 
failures, or required an excessive amount of labor for 
maintenance was also desired. Apparently the 
wrought iron or rolled steel bar, when of proper sec- 
tion, etc., was entirely satisfactory, except for the 
weakness as mentioned above. In other words,’ they 
were not easily affected by metal fatigue, the crystal- 
line structure of wrought iron and rolled steel being 
such as to strongly resist the tendency to fatigue. 

For somewhat similar reasons, the railways also be- 
gan the use of cast steel truck and hody bolsters. At 
about the same time the cast steel truck side came 
into use. 

As the result of several years’ close watching and 
checking, we find that the cast metal is much more 
liable to fatigue than is the wrought iron or rolled 
steel. For instance, the bolsters and truck sides, for 
an average of say five years, stand up successfully. — 
However, at about the sixth year, they begin to crack 
and fracture due to fatigue. ~ 
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We have found that where the manufacturer has 
been careful to prevent, as far as possible, the atmos- 
pheric effects when the casting was being poured, 
and to eliminate contraction strains by subsequent an- 
nealing, better material was secured with reduced 
liability to fatigue and failure. Also when this fact is 
recognized, and the proper sections and distribution 
of the metal used in the casting, that the life can be 
greatly extended. In fact, today we are repairing 
these defective bolsters and truck sides by reinforc- 
ing the entire weak section by using a wrought iron 
or rolled steel part of sufficient strength to meet the 
demands, same being applied by the electric are weld- 
ing process, using coated electrodes to lessen the at- 
mospheric effect, and to minimize contraction strains 
by prolonged cooling incidental to the coating, the 
equipment having the proper welding characteristics. 
- The entire job is then thoroughly annealed in order 
to restore the physical condition of the member that 
has been repaired, and also to reduce any thermal ef- 
fects that may have been produced by the localized 
heat in welding. 

Inasmuch as the autogenous welds (referring pri- 
marily to electric are and gas) are metal in cast form, 
it seems to me in drawing specifications, we should 
continually bear in mind the effects of fatigue and 
locked-in or contraction strains and stresses since it 
is evident that fatigue much more quickly affects cast 
steel than it does wrought iron or ‘rolled steel. For 
instance, fatigue may not effect the wrought iron or 
rolled steel material in less than thirty years, while 
it might affect the cast steel, such as is in an autog- 
enous weld, in approximately six years; that is, 
based on our truck side and bolster experience. How- 
ever, the vibration of truck sides and bolsters is 
heavier and more severe on account of the impact, 
repeating and reversing stresses set up in them due 
to the continuous pounding, jolting and jarring over 
the tracks, than would be, for instance, in boilers. In 
boiler work we do have the vibration and fatigue, and 
it would seem it would take a much longer period of 
time for the effects to accumulate sufficiently to show. 
For instance, a low pressure boiler, say with a 15 lb. 
pressure limit, if designed and welded under proper 
specifications, may not show any of the effects of 
fatigue for 15 or 20 years, and then at that time show 
fractures or cracks such as would probably cause 
leaks and which might also mean a failure of the vessel. 
If, however, steps are taken to prevent as far as pos- 
sible atmospheric interference with the metal placed 
in the weld, it is very probable that this trouble would 
never occur. You will probably note that I am en- 
deavoring to look far into the future, and the time 
element is a very important factor for consideration. 

In the welding of unfired pressure vessels, say to 
125 or 150 Ib. limit of pressure, it would seem that the 
consideration of fatigue should be given the same 
careful study and attention as the fired vessel. It is 
true that in a fired low pressure vessel, we have in 
addition to the vibrations, the movement due to ex- 
pansion and contraction, caused by the alternate 
heating and cooling effects. In the unfired vessel we 
have in many cases far more vibration, with a pres- 
sure far more apt to cause rupture which may or may 
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not be disastrous, and the specifications for unfired 
pressure vessels with a limit of 150 Ib. should be given, 
to say the least, as much careful consideration as the 
fired pressure vessel with a 15 lb. pressure limit. 

The recent study and survey would, to say the least, 
seem to indicate the necessity for all regulatory 
bodies drawing rigid specifications to govern auto- 
genous welding in all cases where failure might cause 
loss of life or heavy property loss. 

These specifications should be prepared by or 
through the conjunctive work of all interested regu- 
latory bodies, including insurance bodies—that is, 
those having to do with boiler construction including 
buildings, edifices and structures, railroads, vehicles, 
etc: 

This job is of some magnitude, but it is not as diffi- 
cult as would seem at first notice, for we are today 
in possession of sufficient facts and data to enable us 
to draw up specifications covering certain ranges or 
limitations allowable at the present time, and from 
year to year, or from period to period, this range or 
limit can be extended, as improved and increasing 
facilities permit. These specifications could probably 
best be prepared and issued in book form sub-divided 
into various sections. 

The code developed for boilers by the American So- 
ciety of Mechanical Engineers and the code for elec- 
trical work as developed by the National Board of 
Fire Underwriters, might well serve as guides or ex- 
amples in preparing these specifications. The speci- 
fications of necessity should fully cover the three 
prime requisites, so that none but the proper equip- 
ment and the proper materials for the job in hand be 
acceptable—material, including the original material 
to be welded and the welding material to be applied in 
the weld, there being a certain correlation between 
the two. Likewise, the permissible methods, includ- 
ing engineering, supervision, and operation, should be 
fully specified in detail. These specifications can be 
placed in universal service by federal, state and muni- 
cipal governments, as well as by all other regulatory 
bodies. 

In closing, the author must seek pardon for not in- 
cluding a mass of detail as to how various welding 
jobs are to be performed, as he knows that these 
questions are constantly arising. He feels, however, 
that it would not be good business to waste valuable 
time in an endeavor to present such data and infor- 
mation in an unorganized mass, as will only be pos- 
sible until such time as some initial general instruc- 
tions and specifications are made standard. He feels 
that a great loss has accrued to the electric arc weld- 
ing industry because this has not been done. and he 
again repeats that he deems it vital and necessary 
that all those interested now join together in develop- 
ing a set of general specifications in order that the 
detailed specifications may follow. 

It would seem that this is the foundation of the en- 
tire instructive and governing structure which raust 
be erected before the electric arc welding process can 
achieve the universal use which it deserves. A super- 
structure consisting of detailed instructions and 
specifications can then easily be erected on the com- 
pleted foundation. 
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This method of procedure is along the line of a com- 
mercial or business organization and development, 
and the author feels that this is the time (and a most 
opportune time) for all who are interested in the elec- 
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tric welding art and the economic prospects and welfare 
of our country, to unite, in order that our combined efforts 
be utilized in speedily reaching the desired goal of ul- 
timate success. 


Methods and Devices Used by The Pullman Company 


Shop Tools and Practices Which Speed Up and Simplify 
Car Lighting Maintenance Work 


Part 2” 


HE car lighting maintenance work done by The Pull- 
man Company is necessarily more elaborate than 
that done by individual railroads, the principal re- 

pair shops are larger, and as a result more labor saving 
devices can be developed and used economically. The de- 
vices described in this article are used in the Pullman 
electrical repair shop at Buffalo, N. Y., and while some 
of them may not be suitable for the average railroad shop, 


Fig. 1—Generator Regulator Testing Switchboard 


there are among them others that could be adopted to 
good advantage. The general lay-out of the shop was 
shown in Part 1 of this article which appeared in the 
September issue. 

With the possible exception of the regulator and meter 
testing switchboards, practically all of the tools were de- 
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*Part 1 was published in the September issue of the Railway Electrical 
Engineer and described lead storage battery maintenance and the con- 
structicn of a new type of cell. 


veloped from such material as is available from time to 
time in any railroad shop. 


Regulator and Meter Testing 


Three separate switchboards shown in Figs. 1, 2 and 3 
are provided for the testing of generator regulators, lamp 
regulators and ampere hour meters, respectively. 

Two generator regulator panels can be tested at a time. 
The panels are brought into the shop from the car and 
clamped into metal frame. There are pins in the bot- 
tom of the frames which fit into sockets 10= 
cated oneither side of the switchboard, Fig. 1. The 


Fig. 2—Lamp Regulator Testing Switchboard 


wires shown at the left are then fastened to the binding 
posts and the regulator is ready for testing. One of the 
regulators thus connected is shown at the right. A car 
lighting generator, belt driven by a variable speed motor, 
supplies the power for testing and allows the operator to 
create conditions similar to those under which the equip- 
ment must operate on the road. ‘ai 


Two lamp regulators can be tested simultaneously in a 
similar manner, a carbon pile resistance being used to 
take the place of the lamp load. The manner in which 
lamp regulators are overhauled and tested is described 
later in this article. The ampere hour meters are tested 
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by connecting them in series with and comparing them 
with a standard meter. 


A Bench for Pipe Work 


A shop tool which was made when the old shop was 
replaced by the new one is shown in Fig. 4. An old line 
shaft hanger forms a substantial standard at one end and 
a piece of 11%4-in. pipe supports the other end of the heavy 
sheet metal top. The edge of the top is flanged to keep 
tools, pipe fittings and short lengths of pipe on the bench 
from falling off. A brace which extends from the under 
side of the bench top to a point near the center of the 
hanger gives the bench strength longitudinally. The 
bench top is about 30 in. high and the vise is mounted on 
a wood block which raises it 8 in. above the top and 
places the pipe at a height convenient to the use of a stock 
and die, pipe cutter or hack saw. A rear support for the 
pipe is placed about 30 in. back of the vise jaws made 


Fig. 3—Ampere Hour Meter Testing Switchboard 


from two pieces of strap iron and a grooved wheel, sim- 
ilar to the smaller wheels used to support the pipe lines 
of interlocking plants. When the pipe in the vise is 
shorter than 30 in., no rear support is necessary. 


A Pipe Bending Machine 


Line shaft hangers are also used to support the pipe 
bending machine shown in Fig. 5. The 16-inch air cylin- 


der which supplies the power is controlled from any posi- ° 


tion by the foot treadle or by the hand lever shown at 
the right. 

Either the hand lever or the treadle rotates a shaft made 
of a piece of iron rod which extends from one end of the 
machine to the other under the bending table. At the end 
of the rod opposite the handle a grooved wheel is mount- 
ed. A piece of steel cable is wound in the groove and the 
free end of the cable supports an iron weight which can 
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be seen below the cylinder at the left. The same grooved 
wheel is connected by a crank pin and set of levers to the 
inlet and exhaust levers, also shown at the left. When 
the treadle is depressed the exhaust valve is closed, the 
inlet valve opened and the cable wound on the grooved 
pulley. This causes the piston to move forward. When 
the pressure on the treadle is released slightly, the weight 


Fig. 4—A Bench for Pipe Work 


reverses the rotation of the grooved pulley which in turn 
closes the air inlet. This stops the motion of the piston. 
When the treadle is released further, the exhaust valve 
opens and the spring in the air cylinder pushes the piston 
all the way back. 

This pipe bender is used successfully for all sizes of 


Fig. 5—Air Operated Pipe Bending Machine With Foot or Hand 
Control 


pipe up to 2% in. Various sizes of rollers are used on the 
clevis at the outer end of the piston and for the larger 
sizes of pipe it has been found necessary to use a grooved 
casting which cannot turn in the clevis in the place of 
the roller. 
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Direct Driven Grinder 

The grinder shown in Fig. 6, like the pipe bending ma- 
chine, is supported by two line shaft hangers and consists 
principally of a Bliss-Bucker car lighting generator. The 
two armatures are connected in series and both operate as 
motors on the 125-volt direct current power supply with 
which the shop is furnished. A grinding wheel is mount- 
ed on each end of the shaft. There is a rest for the work 
in front of each wheel, a guard at the back and a piece of 
heavy plate glass, held in a metal frame, at the top pro- 
tect the eyes of the operator from flying particles without 
interfering with his view of the work. The square can 
at the front of the cable contains water for cooling the 
work. This machine has a large amount of reserve 
power and the heaviest work will scarcely reduce the 
speed perceptibly. 


A Shaft Remover 


Armatures keyed to shafts are usually taken off the 
shaft by bringing one end of the shaft down on the wood 


Fig. 6—A Grinding Machine Made From a Bliss-Bucker Car 
Lighting Generator 


or lead block. This is severe treatment for the block and 
does not always make the removal of the shaft as easy as 
is desirable. 

A device for this purpose is shown in Fig. 7. It is 
made of an old generator frame, concrete and lead. The 
frame is laid on its side and filled to within two inches 
of the top with concrete. When the concrete has hard- 
ened the remainder of the frame is filled with lead. This 
affords a bumping block which is high enough to make 
the work easy and one that will last indefinitely. In cases 
where generator frames were not available for this pur- 
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pose, sections of pipe of approximately the same diameter 
have been used with equally satisfactory results. 


Armature Repairs 


The section of the shop in which armatures are repaired 
is shown in Fig. 8. In the foreground is one of the racks 
used for supporting the armatures while they are being 
rewound or are undergoing repairs. The end columns 


which are notched to receive the armature shaft, can be 
raised or lowered to any height convenient to the op- 


Fig. 7—A Device for Removing Armature Shafts 


erator. A piece of pipe at one end is used as a hanger 
for new coils and a convenient tray at the other makes a 
place for tools and small repair parts. Both the pipe and 
the tray are hinged so that they can be swung back and 
forth to the most convenient position. 


A Coil Winding Machine 


A coil winding machine which represents a considerable 
amount of development work is shown in Fig. 9. The 
reels at the left hold the wire for the coils and the blocks 


Fig. 8—The Section of the Shop in Which Armatures are Repaired 


bolted to the floor provide a propér winding tension. These 
blocks are lined with pieces of smooth fibre, such as is 
used for slot insulation, and this makes it possible to 
secure the required tension without injuring the insula- 
tion on the wire. 

The machine itself is mounted on a low table and con- 
sists of a short piece of shafting mounted on two bearings 
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and equipped with a small pulley and a coil winding form 
at one end of the shaft. A short piece of belting is 
stretched over the pulley with the end away from the reels 
securely fastened to the table and the end toward the reels 
held taut by a helical spring underneath the table. The 


belt and pulley are the equivalent of a pawl and ratchet 
The wheel can 


wheel with an infinite number of notches. 


Fig. 9—A Device for Winding Armature Coils 


be rotated to the right easily, but a great amount of force 
would be required to turn it to the left. 

The winding form at the forward end of the shaft is 
so shaped as to hold the right amount of wire for the coil, 
and the face plate shown leaning against one of the bear- 
ing supports holds the wire in place while the coil is being 
wound. Bolts through the form fitted with wing nuts 


Fig. 10—An Extremely Simple Type of Coil Forming Device 


hold the face plate in position and make it easy to take 
the face plate off for removing the coil when it is wound. 


Coil Forming Device 


After the coils are wound they are taped and placed 
on a bench ready for forming. The forming device, 
shown in Fig. 10, is extremely simple. It consists prin- 
cipally of a piece of board covered with fibre with a 
grooved slot at one end. 

The coil to be formed is placed in the grooved slot in 
the position shown with one end against the stop block 
at the left. Another grooved slot with a handle is placed 
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over the top of the coil and is drawn down to the surface 
of the board and forward to the small stop at the centre. 
This simple operation forms the coil. A coil before 
forming and another after forming are shown at the right. 


Dipping and Drying Rack 

A dipping and drying rack for armature coils is shown 
in Fig. 11. The square tank at the front underneath the 
trough is filled with baking varnish and after the coils 
are formed they are dipped in this tank and hung up on 
the rod above until the excess varnish has drained off. 
The varnish dripping from the coils runs down the steep 
metal incline to the trough and back into the tank. As 
it was found difficult to keep the incline clean, a large 
sheet of wrapping paper is laid over it each time the coils 
are dipped. Spring brass clips grip the upper edge of 
the paper and hold it in place. The rods on which the 
coils are hung can be slipped out of the socket which 
supports them, and after the coils have drained sufficiently 
this is done and the coils are carried into the drying oven, 


Fig. 11—A Dipping and Drying Rack and Baking Oven 


shown back of the rack. In the oven the rods are fitted 
into similar sockets and the coils baked ready for placing 
in the armature slots. 


Overhauling and Repairing Lamp Regulators 


The method for overhauling and testing lamp regula- 
tors is thorough and involves the use of a number of kinks 
which have been developed in the Pullman shop and incor- 
porated in the regular method of procedure. The sub- 
stance of the following paragraphs was taken from a 
letter written by G. L. English, foreman electrician of the 
Buffalo shop, in which he outlines the procedure for test- 
ing U. S. L. lamp regulators: 


Stripping and Cleaning 


The CCO coil or type K relay, as it may be, should 
be removed, tagged and kept with the type B regulator. 
This avoids confusion and loss of .time. 

Remove the carbon pile and place it in a suitable rack 
or box where it will not be damaged until it is time to 
give it the necessary special treatment, described later. 
Remove the carbon pile lever, auxiliary lever and upper 
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plungers. The plungers with a tapered end and a graph- 
ite disc for top guide require no coil spring to overcome 
sticking or freezing, but others which have a square end 
require a short spiral spring and brass washer. The 
plunger should be re-coppered. To keep the spring and 
washer from being lost or misplaced, leave them on the 
piston stem, applying a small nut to the end of the stem 
to keep them from coming off. The thrust plate carbon 
should be removed, the surface on each side made true 
and level and then copper plated. Special care should be 
exercised to get a good plating on the side next to the 
thrust plate. 

The right and left hand carbon contact disc should be 
removed and carefully inspected. Care should be exer- 
cised in seeing that the thrust plates are clean and that 
the carbon contact discs are trued and copper plated. 
The retaining screws in the disc should be countersunk 
below the surface so that the screw will not make contact 
‘with the adjacent disc. 


Repairs 

The flexible lead should be securely fastened to the 
thrust plate and arranged so that the movement of the 
plate will not be retarded. 

Where thin copper strip leads are found they should 
be removed, a 34-in. hole drilled through the centre of 
the slate panel and in line with the thrust plate, and a con- 
nector made from copper braided cable 6 in. long con- 
nected to the plate brought down through the hole and 
attached to the terminal post. This braided cable then 
forms a loop which allows perfect action in the thrust 
plate, and can be made from discarded generator pole 
changer leads, with the centre braiding pulled out. A 
good lug for the ends of this cable is made from the 
leaves of a scrap automatic switch contact. To do this 
cut strips 1% in. wide and long enough to go around the 
flat cable, forming a lug about 9/16 in. wide. Solder the 
tips and punch or drill the necessary holes. 


Assembling 


In applying the auxiliary lever see that the rollers work 
freely and are not out of round. 

In replacing the plunger see that the piston stem is not 
sprung. Roll the plunger back and forth on a smooth 
level surface and if the stem is bent it will be noticed 
easily. Cams should be trued-up in a lathe. 

In replacing the square end plunger, the thin brass 
washer must be placed next to the top plunger and the 
small spiral spring next to the washer. Care must be 
taken to see that the carbon pile lever is not sprung or 
out of line above the plunger. 

Dash pots should be wiped out carefully with a little 
gasoline so that no gummy ridges or spots are left. The 
piston should also be cleaned carefully, but sandpaper 
must not be used for this purpose. In some instances it 
may be found that the air dash pot has been filled with 
oil. In these cases the graphite piston is destroyed and 
should be replaced with a new one. In cleaning the dash 
pot it is well to remove the air vent to make sure that it 
is clean. In completing the assembling make sure that all 
working parts are free. 


The Care of Carbon Discs 


Care of the discs used in the carbon piles is of first 
importance, It will be found that new carbon discs, as 
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well as those which have been in use, are often more or 
less warped. It is impossible for a lamp regulator to 
work properly with discs in this condition. 

In order to detect defective carbon discs, hold a stack 
of about twenty-five discs between the thumb and fingers 
toward the light with the stack in a vertical position. By 
moving the stack up and down it will be possible to see 
light between the discs at various places. When light can 
be seen in this manner the discs are in need of treatment. 

A flat piece of steel or cast iron with a planed surface, 
such as is shown in Fig. 12, and a little No. 100 car- 
borundum will suffice to put the discs back into good 
condition. 

The procedure for re-surfacing the dises should be as 
follows: Pour a little of the carborundum on the flat 


Fig. 12—Facilities for Reconditioning Carbon Discs 


iron surface and move the disc over the carborundum in 
a circle, holding the disc down with the forefinger in the 
center and using the thumb and second finger at the edge. 
Press lightly with the forefinger, use the thumb and sec- 
ond finger to turn the disc around and at the same time 
continue to move the disc about on the plate in about a 7- 
in. circle. This method quickly grinds a true flat surface 
on the disc. Use a one-inch plater’s brush to clean the 
surface of the disc. The use of the brush makes it pos- 
sible to detect soft spots. A carbon pile with large soft 
spots will cause much trouble in the lamp regulator as 
the current will heat and burn the soft carbon and the 
reduced contact surface will finally cause the good carbon 
to burn also. It is, therefore, essential to use the brush 
freely for inspecting the surface of the disc. Wiping the 
disc off with rags or waste is bad practice, as it will hide 
the soft spots. 

In applying the carbon discs to the regulator, see that 
lava tubes or porcelain bottom supports are used. They 
are more satisfactory than the asbestos tubes because they 
are smoother and do not affect the movement of the discs 
and will not shed small particles that can get into the 
plates. The asbestos tubes are entirely satisfactory for 
use as top retainers. 

Old carbon discs that are serviceable can be placed at 
the left end of the carbon pile. but new carbon should be 
used at the right hand end. It is good practice to make 
up about one-half or one-third of the pile with new car- 
bon. Copper plating should be ground off the face of the 
contact carbon disc. This can be done on the surfacing 
block that is used for truing the carbon disc. 
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Adjusting and Testing 

A lamp regulator testing rack should be so arranged 
as to provide for the use of instruments, a battery and a 
generator regulator. Some of the type B regulators op- 
erate with a type K relay, and in these cases the type K 
relay should be carefully tested for grounds as the top 
housing or carbon pile cover is grounded in acting as a 
conductor for the top contact to the small carbon pile. 
It is important to see that the top carbon disc is clean. 

When making adjustments it is good practice to start 
with the carbon pile adjusting screw on top of the, relay. 
Turn this screw down until the contact very slightly com- 
presses the carbon pile or until a slight cushion is felt in 
the carbon pile by pressing the plunger up and down. 
The lever adjustment is made by turning the brass tube 
to the right and left. This setting obtains the normal 
pressure on the pile and this pressure should be such that 
when normal voltage is applied to the coils, the resistance 
of the carbon pile is just sufficient to allow correct current 
to pass through the carbon pile and the solenoid of the 
lamp regulator, which is so adjusted that the correct pres- 
sure is extended on the carbon pile of the lamp regulator. 

In adjusting type B lamp regulators there are six im- 
portant points to consider as follows: 

1. See that the regulator is clear from grounds. 

2. Set the spring adjustment so that there will be about 
the normal pull on the carbon pile lever. 

3. Release the auxiliary lever adjusting screw and when 
completely released commence to turn back with the left 
hand on the lever above the plunger. Pull up and down 
slightly on the lever and at the same time turn the adjust- 
ing screw until there is a slight pressure on the carbon 
pile with the smallest amount of down pull on the lever. 
Before locking the adjusting screw see that the lever can- 
not be pushed up more than about one-eighth inch from 
the point at which compression on the disc is started. 

4. Connect in a battery with a no load potential of 33 
volts, also a lamp load of 40 amperes and turn the 
spring setting until a potential of 31 volts on the load side 
of the regulator is obtained. 

5. By a generator or other source of direct current sup- 


ply, apply 40 or 45 volts to the regulator with a 40 am- 


pere lamp load. Adjust the regulator to maintain the 
lamp voltage at 31, and then adjust so that the difference 
between battery and generator voltage is divided, getting 
the drop in the regulator as low as possible. When a 
regulator has been set with a type K relay, that relay 
should be kept with the regulator. 

6. Regulators with a CCO coil have no coils or resis- 
tance units on back of the slate panel. The CCO coil 
controls the type B regulator potential coil in the same 
manner as the type K relay, excepting that there is no 
adjustment for the battery current. In the case of regu- 
lators with the CCO coil, the adjustment is made with the 
adjustable band near the centre of the coil which is con- 
nected to the generator positive. The band should be ad- 
justed so that the smallest possible amount of voltage drop 
is obtained with the lamp voltage at 31 volts and a lamp 
load of from 38 to 40 amperes. Then apply an impressed 
voltage of 45 volts with a 40 ampere lamp load and move 
the band on the CCO coil or adjust the spring on the reg- 
ulator, as may be required, until the voltage on the lamps 
is just 31 volts. This completes the necessary testing re- 
quirements, and if all of them can be complied with, the 
regulator is ready for replacement in service. 
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The Gas-Filled Incandescent Lamp 


N a short research narrative recently written by Dr. 

Irving Langmuir, research laboratory, General Elec- 
tric Company, he tells of the interesting development of 
the incandescent lamp as follows: 

“Since 1879, when Edison gave the world the incan- 
descent lamp, men have been working to improve this 
carbon filament vacuum light. <A better filament was de- 
sired. Research produced tungsten filaments, a metal so 
rare as to be almost a curiosity. 

“The use of tungsten as a filament did not solve all the 
lamp manufacturers’ problems, although some electrical 
men held that with the development of wrought tungsten, 
lamp development had gone its limit. However, the 
lan.p was far from perfect. A further reduction in the 
consumption of current was still desired and bulb 
blackening, which began as soon as the current was 
turned on, impaired the lamp’s lighting power. All sorts 
of remedies were tried with little success. 

“Scientists in the research laboratory at Schenectady 
undertook a number of fundamental investigations and it 
was uot until three-fourths of the preliminary work had 
been done on a purely scientific basis that the real com- 
mercial usefulness of the results became apparent. 

“Brittleness of the filament having been overcome by 
the development of wrought tungsten, the necessity for 
preventing bulb blackening still remained. 

“Investigations along the lines of better vacua in lamps 
showed it was impracticable to determine whether varia- 
tions in method or amount of exhaustion caused improve- 
ment. So studies were made aiong two lines: 1. The 
sources of gas within a lamp; 2, the effects produced in 
lamps by various gases. 3 

“Research showed that the small amounts of water 
vapor present in the bulb greatly hastened blackening. 
The vapor oxidized the tungsten, freeing hydrogen in the 
atomic state. The oxide went to the bulb and was there 
reduced to metallic tungsten by the active hydrogen, re- 
leasing the oxygen which reunited with the hydrogen to 
form water. Thus the vicious cycle recurred until the 
lamp’s life was ended. 

“Early experimenters, Edison among them, had made 
numerous trials of a gas-filled bulb but in every case the 
experimental gas-filled lamp was decidedly inferior to the 
vacuum carbon lamp then in use. However, experiments 
showed that if a tungsten filament were heated close to 
its melting point in a gas-filled bulb entirely freed from 
water vapor, the filament lasted much longer than when 
heated in a vacuum, and the heavier the gas used, the 
more the evaporation of the metal was retarded. But the 
addition of the gas to increase the life of the filament 
meant an additional heat loss. 

“Tt was found, however, that the presence of a dense 
gas, such as nitrogen or the hitherto unused argon, in the 
bulb, reduced the rate of filament evaporation to about 
one per cent of what it was in a vacuum at the same tem- 
perature. The convection currents in the gas carried the 
deposit of tungsten nitride to the top of the lamp, where 
it interfered little with the lamp’s lighting powers. 

“By using a large filament, or a coil of small filament, 
the heat loss was overcome by the higher temperature, 
and better, whiter light was produced. 

“Thus, through careful research we have today a lamp 
far superior to the early incandescent light.” 


A New Electrically Driven Car Wheel Lathe 


Unique Control Provides Slowdown and Stop Features of Benefit 
in Turning Wheel with Hard Spots 


NEW electrically driven car wheel lathe, to- 

gether with the auxiliary electrical power supply 

and control equiment, was recently installed at 

the Fifty-first Street shop of the Chicago & Western 

Indiana at Chicago. The shop is operated in conjunc- 

tion with a large coach yard and the majority of 
wheels handled are for passenger equipment. 

The lathe is driven by a 50-hp., 220-volt, d. c. West- 

inghouse motor mounted beneath the floor level. A 

5-hp., 220-volt, d. c. motor is used to operate the de- 


minimize the danger of breaking a tool when cutting 
through a hard spot, provision is made for reducing 
the cutting speed quickly. In case a tool is broken, 
the lathe can be reversed and the tool backed out and 
removed from the tool holder. To take care of 
wheels of different diameter and to obtain the cor- 
rect cutting speed at the tool, speed control is pro- 
vided. 

The several circuits, push buttons and switches that 
accomplish these starts, stops, slowdowns and re- 


Fig. 1—The Lathe With a Pair of Wheels in Position for Turning. 
General View of the Room Showing a Part of the Lathe, the Starter, Switch Cabinets and Motor-Generator Set. Fig. 4—Some of the Floor 
Planks Removed to Show the Main Driving Motor 


vice for hoisting the wheels and axle into the proper 
position. The field control panel or cabinet is 
mounted on the wall behind the operator, the field 
rheostat is suspended above it from the ceiling and ac- 
cess to the rear of the panel is provided by a hole in 
the wall. 

In truing up the tread and flanges of car wheels 
flat and hard spots are frequently encountered and to 
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Fig. 2—A Back View of the Shunt-Field Control Cabinet. 


Fig. 3—A 


versals are outlined in the circuit diagram shown in 
the sketch. The push button station shown at the left 
of the sketch is located on the main frame of the 
lathe immediately in front of the operator. 

Having pushed the start button, the motor is started 
through three steps of acceleration by means of re- 
sistors cut out by automatic switches, thus reducing 
the strain’on the tool at starting or after having been 
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operated at a slow speed through a hard spot. A 
ballast resistor is permanently in the circuit and limits 
the initial rush of current to three or four times the 
full load current. 

The speed control is handled by means of the shunt 
field and a field rheostat. The slowdown is accom- 
plished by a shunted armature control which will pro- 
vide a practically constant reduced speed under all 
conditions of load. Reversing is an emergency con- 
dition which is taken care of by means of a double 
throw knife switch. 

To provide power for the wheel lathe and a few 
smaller shop tools, three new 50-kva. oil-cooled trans- 
formers were installed outside of the shop mounted 
on a platform between two poles. The wires from 
the transformers are carried in two-inch conduits to 
the switchboard. The enclosed safety switches used 
on all circuits are mounted together with the field 
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series field. The suddenly increased field and reduced 
armature current of course reduce the speed quickly. 

Further speed control can be had by moving the 
dial on the panel board or cabinet, shown back of the 
machinist in Fig. 1. This speed control is used for 
getting the desired cutting speed for wheels of various 
diameters and turning the dial cuts in or cut out some 
of the resistance in series with the shunt field. 

It was not possible to mount the shunt field control 
cabinet out in the room far enough for a repair man 
to work behind it, so the cabinet was placed in a hole 
cut in the wall, thus allowing plenty of light and room 
for working on the connections and at the same time 
placing the cabinet in the most convenient position 
for the machinist. The back of this cabinet with the 
door open is shown in Fig. 2. 

The motor generator set is shown at the right im 
Fig. 3, and at the center may be seen the starting 
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Fig. 5—Wiring Diagram Showing Control Circuits 


rheostat and with the d. c. meters on a pipe frame- 
work, 

The motor-generator set consists of 112-hp., 440- 
volt, three-phase motor and a 75-kw. d. c. generator. 
Several other d. c. motors used for the operation of 
small lathes and shop machinery are supplied with 
_d.c. power from this same generator. 

A general view of the lathe is shown in Fig. 1. The 
man at the right is a machinist and the one at the left 
his helper. A single control button on the helper’s 
side of the machines provides an emergency stop, and 
the machinist has three control buttons located 
directly in front of him, which start, stop and reduce 
the speed respectively. The manner in which this 
speed reduction is effected can be readily seen from 
the small sketch of main connections, shown in the 
lower right hand corner of the wiring diagram, Fig. 
5. Pushing the slow button closes the switch No. 5 
and connects in the braking resistance across the mo- 
tor armature terminals, thereby reducing the arma- 
ture current and increasing the current through the 


compensator for the motor generator set and the en- 
closed safety switches for other circuits, all set up on 
pipe mountings. 

The main driving gear of the lathe is a large her- 
ringbone gear which is located midway between the 
two wheels which are being turned. The hub or gear 
center is cut away to make a place for the car axle 
and a segment of the gear is hinged so that a pair of 
wheels mounted on their axles can be rolled in and 
out of the lathe from the side. 

There is a plank floor all around the lathe and the 
motors are located under this floor. Some of the 
planks are removed in Fig. 4 showing the main driv- 
ing motor. The five horsepower motor used for plac- 
ing the wheels is located under the flooring on the 
opposite side of the lathe. 

The electrical machinery used for this installation 
was furnished by the Westinghouse Electric & Mfg. 
Co., and the installation and wiring was handled by 
the railroad company’s forces under the direction of 
L. B. Abbott, chief electrician, Chicago. 


A New Methol for Generator Testing 


By B. C. Broyvies, ELECTRICIAN, 
SouTHERN PaAcrric RartLtroAp, Los ANGELES, CAL. 


Numerous methods have been devised for the testing of 
car lighting generators, but most of them have been of 
such a nature as to require the remova! of the generator 
from the car to some point where the test was made. In 
the coach yards of the Southern Pacific Railroad at Los 
Angeles another scheme has been developed for testing 
generators without removing them from their suspensions. 
The equipment used consists of a Chicago Pneimatic Too] 


Letters Designate the Various Parts of the Equipment as Follows: 
A—Pneumatic Air Motor; B—Air Connection; C—-5!'/2-In. Gear; D— 


2'’o-In. Gear; E—Stakes to Hold Motor in Place; F—Universal Joint; 


G—Socket to Fit Armature Nut 


Company's air motor with reduction gears, a univer- 
sal joint and a universal socket. All of this apparatus 1s 
mounted on a hand truck so that it can be taken to any 
car in the yard and a connection made with the gen- 
erator in about three minutes. After the air has. been 
connected, the generator can be tested at varying spee:s 
and any adjustment on the control board can be made 
under the same conditions as would exist if the car were 
in operation. In other words, the flexibility of the air 
motor is such as to give the equivalent of speeds varying 
from eight to 40 miles per hour. 

Another big advantage c'aime1 for this equipment is 
the fact that almost every railroad yard and depot is 
equipped with compressed air, whereas electrical circuits 
and apparatus are not always available. 


Hot air never drove anything but a hot air motor, 
although many people place great reliance in it. One 
fraction of an ounce of help goes farther than all the 
hot air that is emitted through the human lips. 
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Thoughts 


The fellow who isn’t fired with enthusiasm is apt to 
be fired. . 
Excess is an arch enemy of success. 


If top-notch effort yields you no happiness, there’s 
something wrong either with you or your efforts. Sit 
down and do some analysing. 


After all, you’ve got to give full, fair value. 
won't last. 


Or you 


Carelessness and failure are twins. 


The most valuable “system” is a good nervous system. 

Saving is having. 

If you have half an hour to spare, don’t spend it with 
someone who hasn't. 

Don’t simply see how you can “put in the day,” see how 
much you can put into the day. 

Never contrive to make it easy for your concern to get 
along without you. 

Make sure the prize you chase is worth the price. If 
you cultivate your talents you'll always find an opportu- 
nity to use them. 

When in a fix, sweating will get you farther than swear- 
ing. Let mules do the kicking. 

Good times for all can only be the product of good 
work by all—Machinists’ Monthly Journal. 
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Answers to Last Month’s Questions 


1. J recently had to make a few changes in a call bell 
system, which at first seemed to be quite dificult. The job 
was to install two extra bells and pushes. The additional 
equipment consisted of another bell at station A, to be 
operated from a push button at station B, and a second 
bell to be situated at station B to be operated froma push 
button at station A. This equipment was in addition to 
the two buggers already in operation at the respective sta- 
tions. Between station A and station B there was a 
stretch of 800 feet with several floors of hard wood and 
concrete and for a distance of 300 feet the wires ran un- 
derground. With 50 feet of wire on hand, and no means 
of obtaining any more, it was required that the job be 
done ina hurry. I did have, however, plenty of switches 
and push buttons of various kinds and also plenty of drv 
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cells. I would like to see some of the solutions from 
other readers of the Railway Electrical Engineer. I be- 
lieve there are plenty of ways to hook up this little sys- 
tem—A. H. M. 

2. I have run across a problem that puzzles me or else 


RUG 


Battery 
[_] Bells [__]Bell4 
© Push4 @ Push3 
Station "A" Station "B" 


Fig. 1—Wiring Diagram Before Additional Apparatus Was Connected 


there is something missing. I am sending you the prob- 
lem to get some information and I would like to have you 
put it in the Question Corner and give an explanation 
how to work it. 

The generator in the sketch delivers 6 kw. to the line 


I Point Push (2) 3-Point Push (1) Sf! 
Des Bell 4 
"“—T 3-Point Push (4) 3Point Push (3) J 
it 
Suen Station"B" 


Fig. 2—Diagram Showing How Question No. 1 Was Solved 


and the motor uses 5.7 kw. It is required to find the 
(a) watts lost in the line; (b) voltage and current of the 
motor; (c) brush potential of generator—C. B. F. 
ele ko. 
The bell and buzzer wiring problem illustrated in Fig. 
1 did not bring forth any solutions from our readers. 
We therefore publish A. H. M.’s own solution shown in 
Fig. 2. In describing his work he writes as follows: 
“To make a long story short, I did the job inside of one 
hour and had some wire left over. I saved something 
like 2,000 ft. of wire; also a lot of hard work.” 
ess 
Question No. 2, Fig. 3, brought a number of solutions, 
but all of those who attempted to answer this question 
labored under the same feeling as C. B. F.—that there was 


something lacking in the problem as presented. This, 
2Ohms 
10hms 


Fig. 3—Wiring Diagram of Question No. 2 


however, is not the case, as there is sufficient information 
given, if it is used correctly. The following solution 
shows that it can be done: 

If the generator delivers 6 kw. to the line and the 
motor uses 5.7 kw. it is clear enough that the watts lost 
in the line will be the difference between 6 kw. and 5.7 
kw., or .3 kw. 
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The second step requires a little algebraic notation with 
Ohm’s law formule for its solution, the object being to 
find the current passing through the motor. 

eels) 
where I is the current passing through the motor 


E is the voltage drop in the line 
R = resistance of line = 3 ohms 


M .20hm R 


_ 20hm af 


Fig. 4—A Three-Wire Problem for November 


W = watts lost in line = .3 kw. or 300 watts. 

If we substitute the known values in equation (1) we 
have 

Then taking this value of E we substitute it for E in 
equation (2) and the result is 

300 
I = ——— or ? = 100 
teas 
es OS oimpetics: 

Having found the current through the motor and 
knowing that the motor uses 5/00 watts, the voltage of 
the motor terminals is found by using the formula, 

Wt 
E1 = —— where W'== watts used in motor and I is 
I 
current passing through the motor, and E* is the voltage 
at motor terminals 
5700 
Then Et = —— = 570 volts at motor terminals. 
10 

The potential of the generator brushes is clearly the 
voltage of the motor plus the line drop, and the line drop 
may be found by using equation (1) again, E = IR 
where E = the line drop in volts 

I = the current in the line in amperes 

R = the resistance of the line in ohms. 
Substituting the known values of I and R the result is 

HO 53:26 30 volts: 

This value added to the voltage of the motor equals 
the potential of the generator brushes, 

570 + 30 = 600 volts. 

It will be noted that the current in the line is the same 
as that in the motor. 

* OK O*K 


Questions for November 
Assume that each lamp in Fig. 4 takes 2 amperes and 


that the resistance of the lamps remains constant. The 
brush potential of each generator is 112 volts. Find (a) 


the line drop in each section, (b) the voltage across each 
set of lamps, (c) the power delivered by G1 and G2. If 
a break should occur in the neutral between O and S, what 
would be the values of (a), (b), and (c)? 

Tf a break should occur in the neutral between S and V, 


‘what would be the values of (a), (b), and (c)?—C. B. F, 


Welding Sets for Medium and Heavy Duty 


Two types of gasoline engine-driven arc welding sets, 
one for medium or intermittent duty, and the other for 
heavy duty, have been developed recently by the General 
Electric Company, Schenectady, N. Y. Both outfits are 
well adapted to industrial plants where the work to be 
done is located in odd places and is not sufficient to war- 
rant the installation of permanent equipments. Their 
particular field, however, is in places where electric power 
is either unavailable, inconvenient or costly to bring to 
the work, as at outlying points on railroads. 

The medium duty equipment shown in Fig. 1 was de- 
signed particularly for intermittent duty. The generating 
unit consists of a type WD 10-4 kw., 1200 r.p.m., 60/20 
volt, 200 ampere generator, directly connected by a flex- 
ible coupling to a Matthews, Model F, four-cylinder, 
four-cycle, 20-hp. gasoline engine. The engine, radiator, 
generator and welding panel are assembled on a rigid 
cast iron base which in turn is mounted on wooden skids. 


Fig. 


1i—General Electric Arc Welding Generator for Intermittent 
Duty Driven by 20-Hp., Four-Cylinder Gasoline Engine 


The set is 86 in. long, 28 in. wide, and has a net weight 
of about 2,000 lb., making a light and compact affair to 
move about. The gasoline engine used with this outfit 
has been especially adapted to the requirements of inter- 
mittent welding service. It is of the overhead valve type, 
the cylinders being cast in block with the upper half of 
the crank case. The lubrication is a combination of 
splash and force feed, except where special conditions re- 


quire the addition of a pump which is driven by the acces- 
sory shaft. 


The generator is self-exciting and regulating, giving 
practically constant energy throughout the working range. 
It gives a no load, or striking voltage of 60 which auto- 
matically decreases to the proper welding voltage (usually 
18 to 20 volts) when the arc is struck. It is driven at a 
speed of 1200 r.p.m., has a normal output of 4 kw. and 
delivers a maximum working current of 200 amperes. 
The panel carries the generator field rheostat and series 
field dial switch by which the current can be adjusted 
from 200 to 75 amperes in 25 ampere steps. A reactor 
choke coil mounted on the set and connected in the weld- 


Fig. 2—Heavy Duty, Arc Welding Set, 
Cylinder Kerosene Engine 


Driven by 20-Hp., Two- 


ing circuit protects the generator from current surges. 

The heavy duty equipment (Fig. 2) can be arranged to 
supply either one or two welding circuits. It consists 
ordinarily of a 20-hp. two-cylinder opposed Reliable gas- 
oline engine, a type WD 9 generator and welding panel, 
the whole mounted on a welded structural steel base with 
a net weight of 2,400 Ib. for the single operator equipment 
and 3,200 lb. for the double operator equipment. 

The gasoline engine is designed for continuous opera- 
tion at rated output. Careful balancing practically elim- 
inates vibration and the horizontal cylinder and relatively 
small flywheel makes possible a compact assembly with 
the rest of the outfit. It is said to run on kerosene, dis- 
tillate, gasoline or natural or artificial gas, with a fuel 
consumption per brake horsepower hour not exceeding one 
pint of kerosene, distillate or gasoline, 10 to 12 cans of nat- 
ural gas, or 17 to 22 ft. of average illuminating coal gas. 

The generator is driven by a silent chain running in 
oil, and except for the speed, its characteristics are similar 
to the WD 10 generator which forms part of the medium 
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duty outfits. The speed is 1750 r.p.m. instead of 1200 
r.p.m. and the motors differ somewhat in the windings 
because of the difference in speed and service require- 
ments. An ammeter is mounted on the panel of each 
heavy duty equipment, but in other respects they are iden- 
tical with those of the medium duty sets. A mere change 


of location constitutes the only difference between the 


reactors of the two sets. ss 


Light Weight Portable Electric Drill 


The portable electric drill, shown in the illustration, is 
designed for drilling holes up to 1% in. diameter in either 
metal or wood. The drill weighs but 5 lb., being con- 
structed of an aluminum alloy. It has a double reduc- 
tion gear which gives a no-load speed of 1,600 r. p. m. 
The stub tooth gears which are used are cut from chrome 
nickel steel, heat treated and run in grease in a grease 
tight gear box. Ball bearings are removable and renew- 
able. The motor mechanism is readily accessible, the 


brushes being capable of removal from the outside of the 
case, while the removal of four screws leaves the motor 
commutator, switch mechanism, field leads and cord 
terminals entirely exposed. 

The location of the drill spindle, together with the fact 
that the apparatus is: equipped with a pistol grip and 


A 5-Ib. 4-in. Drill With Pistol Grip and Trigger Switch 


trigger switch, make the drill particularly adaptable for 
close corner work, as it is possible to drill within about 
an inch of any obstruction. A special light weight, rub- 
ber covered cable is supplied and a clamp is provided in 
the pistol grip so that strains on the cable have no ten- 
dency to pull the terminals loose from the switch. The 
new unit is being marketed by the Black & Decker Manu- 
facturing Company, Baltimore, Md. 


Propeller-Type Blower of Novel Design 


_ The screw blade, propeller-type blower, shown in the 
illustration, is made by the Coppus Engineering & Equip- 
ment Company, Worcester, Mass., the principal new fea- 
ture of this design being a stationary guide vane beyond 
the propeller so arranged that the air current on leaving 
the propeller is radially subdivided by the individual 
guide vane blades and taken up by them without shock. 
These blades have a curvature increasing in the direction 
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of rotation of the propellér and concentrate the® air cur- 
rent, giving it a further acceleration inside of the sta- 
tionary guide vanes so that a considerable part of the 
pressure is obtained in the latter. The end thrust is 
therefore mostly taken up by the stationary guide vane 
casing. 

Moreover, the delivery of air in this blower is parallel 
to the’axis. In other words, the air ‘léavesitrthe same 
direction as it enters and in the case of long pipes sub- 
ject to leakage two or more blowers can be installed be- 
tween the ends, thus delivering a positive flow of air at 
low pressure and small resultant leakage. It is claimed 
for this propeller blower that its efficiency runs up to 80 


The Coppus Blower Receives and Delivers Air Parallel to the Axis 


per cent; that the power consumption at constant speed 
is practically unaffected by variations in air delivery or 


pressure and that the blower can operate against pressures 


up to eight inches of water. On account of these advan- 
tages, the blower is adapted to use in providing forced 
draft, induced draft, main and individual room or tunnel 
ventilation, air heating and drying installations, cooling 
of electric motors and generators, ventilation of factories, 
boiler rooms, etc. 


New Non-Breakable Attachment Plug Cap 


Attachment plug caps used on such devices as electric 
drills and similar small portable motors are frequently 
ng and annoyingly broken, and the de- 

» vice put out of service. To elimi- 

nate this source of trouble and 
expense the specialty and switch 
department of the Cutler-Hammer 
Mfg. Co., Milwaukee, has brought 
out a steel-clad cap which is exactly 
like the standard cap (fitting all 
plugs and receptacles of standard 


Steel 


Clad Cap design), with a protecting jacket of 
steel. This cap, called the “Dreadnaught,” was brought 


out through the request of an appliance manufacturer 
who realized that such minor troubles as broken caps 
often reflect adversely, not only upon the caps but on the 
appliance itself. 


OTTER HEUTE 


SAMI 


The Lakewood Engineering Company of Cleveland 
has moved its Philadelphia office from the Widener 
Building to the Franklin Trust Building. 


The reasearch department of the Radio Corpora- 
tion of America under the direction of Dr. A. N. 
Goldsmith, has recently made important improvements in 
tape recording receiving systems for transatlantic radio 
signaling. 

The wide extension of radio broadcasting service 
from a number of centers throughout the country, by 
means of which news items and musical concerts are given 
by radio telephony, has created a large demand for radio 
receiving equipment. 


During the first nine months of 1920, electric loco- 
motives, valued at $844,130, were exported from this 
country, according to Commerce Reports. In 1921, for 
the same period, the value of electric locomotives ex- 


ported was $1,506,877. 


Gilbert C. Lamb, formerly with The American 
Railways Company, Philadelphia, and the General Elec- 
tric Company, Schenectady, has become associated with 
the engineering department of the Condit Electric & 
Manufacturing Company of So. Boston. 


P. S. Jones, with the Cutler-Hammer Manufactur- 
ing Company, has been made branch manager of the 
Pittsburgh office. A. G. Pierce, of Pittsburgh, continues 
as manager of the central district, comprising the Cleve- 
land, Pittsburgh and Cincinnati offices and territory. 


G. R. Watson, formerly electrical supervisor for the 
Pullman Company at Chicago and later representative 
of the Crouse-Hines Company at Cincinnati, O., has been 
appointed general sales manager of the Wadsworth Elec- 
tric Manufacturing Company, Inc., with headquarters at 
Covington, Ky. 3 


The Habirshaw Electric Cable Company has in- 
creased the output of its Bridgeport plant by putting on 
a night force. The output has thereby been increased to 
45,000,000 ft. of wire per month. The Bridgeport plant 
is now running at full capacity and the company antici- 
pates being able to continue operation at this rate for 
some time to come. No phenomenal increase of business 
is looked for at the present time, but there is a heavy 
demand for small sizes of code and telephone wire. 


F. L. Kellogg, manager of the New York branch 
at 25 West Forty-third street, New York City, of the 
Electric Storage Battery Company, Philadelphia, Pa., has 
been appointed district manager of the North Atlantic 
district, with headquarters at 25 West Forty-third street, 
New York. F. F. Sampson, manager of the Exide depots 
and garages, succeeds Mr. Kellogg as manager of the 
New York branch, with D. P. Orcutt as assistant man- 
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ager. The entire sales organization in New York City 
was recently consolidated and Mr. Sampson was appointed 
manager and Mr. Orcutt assistant manager. 


Plans are now nearing completion for the con- 
struction of three ferry boats by New York which, for 
the first time in the history of the city, will use the elec- 
tric drive. The vessels will start a new ferry service be- 
tween Cortlandt street and St. George, S. I. 

The ships will be equipped with turbo-generators, with 
the direct drive, of about 3,500 horsepower. The boats 
will be 230 feet in length and 60 feet over all in width. 
They will have a capacity of fifty vehicles on the lower 
decks and 1,500 passengers. The boats are to be com- 
pleted and ready for operation in May, when the new 
service will be started. 

The city has an appropriation of $1,360,000 for the 
construction of the boats. At the time this fund was 
provided costs were considerably higher than at present, 
and it was intended to build only two boats. It is now 
believed that it will be possible to provide three, at a cost 
of approximately $450,000 each. 


English Road’s New “Articulated” Train 


The Great Northern (England) has recently placed an 
“articulated” train in its London-Leeds service, according 
to the Railway Gazette (London). The train consists of 
five cars. At the head end of the first car there is a truck 
as well as at the rear end of the last car. Each remain- 
ing truck is so placed as to carry the weight of the ends 
of two cars and only one truck is provided at such places. 
Consequently the five cars are carried on six four-wheel 
trucks and the train is in reality not!t.ng more than a 
long car in five movable segments which cannot be un- 
coupled. Additional cars can be added at the head or 
rear ends in the usual fashion. 

The advantages claimed for this style of construction 
are: easy riding because of practically complete avoid- 
ance of oscillation ; considerable reduction in weight ; per- 
manent connections between cars can be made weather- 
proof; absence of noise and clatter of ordinary couplings. 

This is not the first articulated train on the Great 
Northern, it is said, but it is the newest and best equipped. 
The middle “car” of this train is a kitchen car, With 
dining car at either end of it. The head and rear cars are 


coaches, 


Proposed That Italy Take German Indemnity in 
Railway Electrification Material 


Reports forwarded by Assistant Commercial Attaché 
Osborne, of Rome, and made public in Commerce Reports 
indicate that the director general of the Italian State 
Railways is suggesting that the government have the 
reparations account settled in part by requiring the Ger- 
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mans to hand over material which could be used in elec- 
trifying government railways. The office of the auditor 
general is said to oppose this means of settlement and to 
consider it preferable to have the adjustment of repara- 
tions made on a strictly money basis. 

The reports state that plans have been completed for 
the electrification of the Bologna-Verona-Brenner, Pisa- 
Leghorn, and Venezia Giulia lines, as well as for a short- 
ened route between Rome and Naples. Studies are being 
made for the possible electrification of the Naples-Reggio 
Calabria, and Paola Cosenza lines. 


Electrification of Japanese Railways 


The journal of the Yokohama Chamber of Commerce 
states that the Japanese railways are to be electrified ac- 
cording to a plan now being worked out by the Depart- 
ment of Railways. First the entire Tokaido line and then 
a part of the Central line will be fitted up for electrifica- 
tion, the work extending in due course to all other lines. 
As soon as the department’ s plan is completed it will be 
presented through the cabinet to the Diet at its next ses- 
sion, 

Traffic on the Tokaido line is increasing greatly each 
year and adequate accommodation is ene for the 
transportation of passengers and freight. To expedite 
the service, automatic signals have been installed, but it 
is anticipated, however, that in a short time the traffic 
capacity of the railways will be found inadequate to 
meet the needs of the increasing business. 

The first lines to be electrified will be the entire Tokaido 
line from Tokio to Kobe and a part of the Central line 
between lIidamachi station in Tokio and Kofu where many 
tunnels make transportation slow. 


Overhead Wire Crossing Specifications 


Overhead wire crossing specifications were commented 
on by H. M. Gould, Department of Street Railways, De- 
troit, Mich., in a discussion of the report of the com- 
mittee on power distribution of the American Electric 
Railway Assocation. Mr. Gould said: 

“From an examination of the various crossing specifica- 
tions which have been issued by certain Public Service 
Commissions and those advocated by certain steam rail- 
roads, the writer is of the opinion that greater progress 
would be made if less attention were paid to details and 
the problem attacked upon broader lines. It would be 
better for everyone concerned if a broad, general crossing 
specification were in universal use instead of detailed 
specifications in use in some states and no specifications 
in other states.” 


Trolleys to Cooperate with Steam Roads in 
Carrying Freight 

The day will undoubtedly arrive when electric lines 
will be used in a cooperative plan with the steam railroads 
and with motor lines for the movement of freight. The 
foregoing is the substance of a statement made by J. L. 
O’Toole, of the Public Service Railway, Newark, N. J., 
in speaking recently before the New Jersey Industrial 
Traffic League. At the same time Mr. O’Toole told of 
a law which was passed a number of years ago giving 
street railways the right to carry freight in municipalities 
where permission was given by the governing body. An 
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amendment to this law made it unnecessary to secure per- 
mission to carry freight from municipalities of less than 
12,000 population, and at a later date electric railways 
were given permission to carry freight from 11 p. m. to 
6 a. m. without the permission of municipalities. The 
fact was emphasized by Mr. O’Toole that the investment 
of the amount of money required by this plan was not 
warranted at the present time. 


Disastrous Fire at Weehawken, N. J. 


The freight piers of the Erie Railroad, on the Hudson 
river, at Weehawken, N. J., about a half mile south of 
the West Shore Railroad passenger terminal, were dam- 
aged by fire on November 3 to the extent of about 
$2, 000,000, the loss including 15 freight cars and great 
quantities of merchandise in the storehouses and in the 
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Fighting the Flames Twelve Hours After Fire Started 


cars. Of the seven piers at this place, only three are left 
standing. The fire started on pier D and this with piers 
A, Band C was destroyed with its contents; also a four- 
story brick warehouse. The freight destroyed consisted 
largely of oil, salt, lumber and flour. Eleven lighters and 
barges lying close to the piers were damaged, some of 
them badly. 


The World’s Greatest Radio Station 


The most powerful radio station that has yet been 
constructed was formally opened on November 5, when 
President Harding, at Washington, pressed the key which 
actuated the automatic sending device, thereby sending 
out a message which was received in 29 foreign countries. 

The station is situated about 70 miles from New York, 
near Port Jefferson, Long Island. The magnitude of the 
station may be realized when one considers that the area 
spanned by the antennze comprises 10 sq. miles. The ar- 
rangement of the station and aerial wires is such that 
they resemble a gigantic wheel, with the powerhouse at 
the center, from which 12 sets of antennz radiate, not 
unlike the spokes of a wheel. So far, only two sets of 
towers have been constructed, but it is planned to erect 
the other 10 sets as it becomes necessary. The antennz 
towers are 410 ft. high and carry cross arms 150 ft. long. 
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These cross arms support an aerial, consisting of 16 
silicon bronze cables 3% in. in diameter, which are 
stretched horizontally from tower to tower, a distance of 
1,250 ft. Approximately 50 miles of this cable has al- 
ready been used for the first three sections. The ground 
arrangement for each antenne consists of 450 miles of 
copper wire buried in the ground. 

A unique feature concerning this radio station is the 
fact that it is operated by remote control from the New 
York office of the corporation over specially constructed 
wire lines. The receiving station is located at Riverhead, 
Long Island, approximately 16 miles away from the 
sending station. There are no operators located at either 
station, the signals being automatically transferred to the 
New York office. 

By means of automatic equipment for sending, a speed 
of 100 words a minute is possible, and when the entire 
installation is completed it will be possible to send 12 dif- 
ferent messages at this rate simultaneously. The power 
that will be eventually required to operate the station 
will be approximately 20,000 kw. 


Fuel Saving About One-third 


The problem of railroad electrification is essentially one 
of finance, and the saving in coal which can be effected is 
something less than one-third according to a statement 
made by William J. Cunningham, professor of transporta- 
tion, Harvard University, in an article commenting on the 
Superpower Survey report which appeared in the New 
York Evening Post. In this connection Mr. Cunningham 
said: “It is interesting to compare this theoretical sav- 
ing of two-thirds of the fuel with the actual figures for 
the Norfolk & Western. In discussing the subject before 
a joint meeting of the Societies of Electrical and Mechan- 
ical Engineers in New York in October, 1920, the chief 
electrical engineer of that road stated that a comparison 
of fuel consumption on the electrified divisions with tests 
made with modernized Mallet type locomotives under 
similar conditions indicated that the saving in fuel by 
electrical operation was 29.3 per cent. This is less than 
one-third. If the Superpower Survey engineers had as- 
sumed a saving of one-third instead of two-thirds (the 
former is closer to the facts) the estimated fuel savings 
would be cut in two. A tendency to favor electrification 
is shown also in other items, such as in the allowance for 
steam locomotives released. 

“As has already been stated, the problem is essentially 
one of finance. In the case of a railroad that has an in- 
vestment in road and equipment of say, $100,000 per mile, 
something more than a questionable return of 14 per cent 
is needed to induce recommendations for an investment of, 
say, $40,000 more per mile for electrification. On every 
hand there are needs for other investments. 


Personals 


D. McFarlan Moore has recently become a vice- 
president of the Illuminating Engineering Society. Mr. 
Moore has been well-known in electrical circles for a 
number of years, especially in connection with his 
vacuum-tube lighting system. He is at present manager 
of the Moore Light Department of the General Electric 
Company at Harrison, N. J. He is a Fellow of the 
Institute and has served in other technical bodies. 
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Obituary 


Harry C. Meloy, supervisor of electrical appliances, 
New York Central lines west of Buffalo, died suddenly 
on Thursday, October 13, while on a business trip in 
Chicago. Mr. Meloy 
was born on Febru- 
ary 16, 1865, in Bed- 
ford, Pa. After com- 
pleting a high school 
education in Bedford, 
Mr. Meloy entered 
the railway shops of 
the Pennsylvania at 
Altoona, - Pa., aaa 
served an apprentice- 
ship course there. 
After completing the 
apprenticeship course 
he was employed for 
a short time at the 
Swissvale plant of the 
Union Switch & Sig- 
nal Company, after 
which he accepted a position as chief electrician of the 
Norfolk & Western at Roanoke, Va., which position he 
held for ten years. In April, 1902, he left the service of 
the Norfolk & Western to accept a position on the Lake 
Shore & Michigan Southern as chief electrician in charge 
of car lighting. In 1910 he was promoted to supervisor 
of electrical appliances, and in 1914 the Lake Shore was 
consolidated with the New York Central. After the con- 
solidation Mr. Meloy continued to hold the title of super- 
visor of electrical appliances on lines west of Buffalo, 
which position he held until the time of his death. Mr. 
Meloy -was a charter member of the Association of Rail- 
way Electrical Engineers. He was president of the as- 
sociation in 1908, and from the time of its organization 
Mr. Meloy had always been interested in furthering the 
interests of the association. 


Harry C. Meloy 


Trade Publications 


The Trumbull Electric Mfg. Co., Plainville, Conn, 
has reduced its prices on meter service switches to con- 
tractors 18 per cent, according to a leaflet sent out with 
the August issue of Trumbull Cheer. 


Westinghouse Electric & Mfg. Co., East Pittsburgh, 
Pa., has recently published catalogue No. 12-A, showing 
its various types of safety switches and panel boards. 
The catalogue contains 64 pages and is well illustrated. 


Ivanhoe-Regent Works of General Electric Co., Cleve- 
land, Ohio, has issued a booklet of 12 pages, entitled 
“Make It Pay,” presenting arguments for better lighting 
and the merits of this company’s products in home, plant 
and window display lighting. 


The Martindale Electric Co., 11,737 Detroit avenue, 
Cleveland, Ohio, has issued a folder wherein it states 
that it has improved on its commutator stones by adding 
a handle, resembling a saw handle, which is claimed to 
give full protection to the hands and make the use of 
the stones both safer and more convenient. 
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Indexes for the year 1921 have not been included in 
the regular monthly issue of the Railway Electrical 


Engineer. It has been found that 
Yearly many readers prefer to keep their 

copies unbound and for this rea- 
Indexes 


son a limited number of indexes 
will be printed. Any subscriber 
who desires a copy of the index should send a request 
to our circulation department so that it will be received 
not later than January 1, 1922. 
It is often necessary for engineers to decide whether 
electric power shall be transmitted over high voltage 
transmission lines or whether the 

Transmission energy shall be transported in the 

vs. form of coal over the railroads. In 
other words is it best to build the 
powerhouse at the mine and send 
power over a transmission line to the center of distribu- 
tion, or is it the best proposition to transport the coal 
over the railroads to the power plant located at center 
of distribution? 

In general, this is a problem which applies only to 
large stations, but to a lesser degree it applies to many of 
the power plants used by the railroads. Where the dis- 
tances are very small, or very great, local conditions or 
physical limitations will make the solution easy. Where 
the distance approximates 100 miles careful calculations 
are necessary if anything like correct relative advantages 
are to be arrived at. 

There are, of course, under any circumstances, a num- 
ber of factors involved aside from a comparison of 
relative costs. If the plant is located at the mine, it will 
be possible to secure a uniform grade of coal at a reason- 
able cost and the location will also insure freedom from 
a possible railroad strike. Transmission line trouble may 
be an important factor unless duplicate lines are built. 
If the distribution center is in or near a large city, it is 
probable that the real estate for the plant can be secured 
at a lower cost near the mine. In the case of large plants, 
the question of whether adequate water for condensing 
purposes is available or not is an even more vital consid- 
eration than coal. 

The main question, however, is whether the cost of 
transmitting electrical energy is less or greater than the 
cost of the rail shipment of coal. A typical case was 
recently worked out by Harold W. Smith, general en- 
gineer, Westinghouse Electric & Manufacturing Com- 
pany, and published in the Electric Journal. A distance 
of 90 miles was chosen and the rail transportation costs 
compared with the transmission costs over duplicate 
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transmission lines 90 miles long with copper conductors 
of 500,000 circular mils. The result of the calculation 
showed that with power demands varying from 80,000 to 
300,000 kw., the cost of transmission will vary from 
0.22 to 0.12 cents per kilowatt-hour. With a modern 
plant burning 1.5 lb. of coal per kilowatt-hour and a 
freight rate = $2 per ton, the cost of transporting energy 
in the form of coal over the railroads would be equivalent 
to 0.15 cents per kilowatt-hour. 

‘rom this it appears that we may draw the rather 
surprising conclusion that the relative costs of transmit- 
ting electrical energy as compared with transporting a 
sufficient amount of coal to generate the same amount of 
energy may, in many cases, be very nearly equal. A poor 
load factor, of course, would operate against the trans- 
mission of electrical energy, while difficulties in making 
shipments, due to lack of facilities, would have the op- 
posite effect. 


Charging receptacles for car lighting batteries are 
invariably mounted under the car in a horizontal position 
and the opening is normally covered 
with a cap. It would seem that such 
an arrangement ought to prove quite 
satisfactory and no doubt in the 
majority of installations it does. If 
such were not the case it is more than likely that we 
should hear more about it. It is nevertheless a fact that 
sometimes the cap does not entirely protect the interior 
of the receptacle and eventually there is an accumulation 
of dirt which may become the source of much trouble. 
Recently our attention was called to the fact that a con- 
siderable number of these receptacles became grounded | 
from the accumulation of dirt which must be entirely 
removed before the batteries can be charged from an 
outside source. This is especially true when the charging 
is done with 250 volts for it is readily apparent that 
under such conditions dirty receptacles could not be 
tolerated. 

It has been suggested as a possible remedy for troubles 
occasioned by dirty receptacles to change the mounting 
of the receptacle from the horizontal position, which is 
practically universal, to a vertical mounting. Such a 
change would probably require some alteration in the de- 
sign of the bracket supporting the receptacle, but the 
sea cuviat itself would require no modification of any 
kind. 

There is apparently no reason other than custom why 
charging receptacles are mounted in a horizontal position 
and if such difficulties as have been pointed out are prev- 
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alent to any considerable extent, it would seem advisable 
to give some further consideration to the matter of 
changing the mounting. 


That the successful accomplishment of eleetric arc weld- 
ing results largely from a careful metallurgical study of 
the characteristics of both the parent 


Welding metal and the welding electrode is 
Manganese clearly pointed out in the article de- 
Steel scribing the process of welding 


manganese steel, which appears on 
page 457 of this issue. 

In view of the peculiar character of this metal, it is 
not surprising that those who have neglected to make a 
careful study of the phenomena which occur on heating 
and cooling, fail to make satisfactory welds. This lack 
of diligent study and care is without doubt one of the 
principal reasons why are welding so frequently receives 
a set-back through the failure of some important weld. 
It is unfortunate that more thought is not given to the 
metallurgical side of welding, for without a knowledge 
of the behavior of metals under various heating and cool- 
ing operations, it is practically impossible to take advan- 
tage of the characteristics of the metal which are present. 
With manganese steel, for example, what a wonderful 
difference is found between the weld which is suddenly 
cooled with water and the weld which is allowed to cool 
gradually. Cooling a weld by quenching it with water 
immediately after each electrode is used, is not treatment 
for which the reason is obvious, and unless time has been 
taken to familiarize the operator with the water toughen- 
ing process, the success of the weld in manganese steel 
is apt to be unsatisfactory. In a word, successful weld- 
ing is accomplished not only by the use of proper 
material and equipment, but with the important addition 
of the thorough knowledge of the metallurgical charac- 
teristics of the material at hand. 


Pumping plants, small stations and other railroad facil- 
ities located at outlying points are often so situated that 
it is not convenient to supply them 
with electrical power. Although the 
power consumption of such facilities 
is small, the need for power is none 
the less important. In many cases 
this can be obtained by co-operation with the signal de- 
partment. An example of such co-operation is shown by 
one road which has designed its signal transmission line 
to provide sufficient additional power for the illumina- 
tion of stations in the smaller towns, the lighting of a 
number of switch lamps and a reserve for emergency 
lighting in the case of accident or washout. At another 
point on this same road a coal dock is operated by a 
15-hp. motor connected to the signal power line in 
case such a transmission line is planned, it must be so 
designed as to provide a requisite amount of capacity. 
This is of particular importance, for if the starting ot a 
motor should cause a considerable drop in the line 
voltage, the automatic block signals in that section might 
be released momentarily to the “stop” indication, The 
signal indications are, of course, of first importance and 
all other power requirements should be subordinated to 
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them. Modern control apparatus, however, has now been 
perfected to such a point that a line failure, due to trou-_ 
ble at one of the points to which power is distributed, is 
a remote possibility. Certainly, the economies resulting 
from the use of automatic electrically-controlled ma- 


-chinery at isolated points, are so large as to warrant 


thorough investigation, and when such a line is to be 
built the requirements of both the signal and electrical 
departments should be considered. 


New Books : 


Material Handling Cyclopedia. Edited by Roy V. Wright and John G.. 


Little. Bound in cloth and leather; 850 pages, 1,500 illustrations, 11% 
in. by 8% in. Published by the Simmens-Boardman Publishing Com- 


pany, Woolworth Building, New York City. 


This is the latest addition to the library of transportation 
literature published by the Simmons-Boardman Publish- 
ing Company. The volume is a companion book to the 
Car Builders’ Dictionary and Cyclopedia, the Locomotive 
Dictionary and Cyclopedia, the Shipbuilding Cyclopedia 
and the Maintenance of Way Cyclopedia. 

The purpose of this cyclopedia has been to bring 
together in a single volume complete, practical working 
information about the many types of material handling 
devices used in industry. The purpose has been to make 
the contents of interest and value alike to the executive 
interested in reducing handling costs and to the operating 
man who is seeking information as to the types of mate- 
rial handling machines best suited for his needs, how they 
operate and where they may be obtained. ¥ 

The definition section in addition to its purpose as a 
dictionary of material handling items, methods and 
devices, serves as an index to other sections of the book. 
Following the definition of each device receiving further 
treatment in the book is a reference to the page in the 
text section or catalog section on which the additional 
information appears. Thus, from the definition. the — 
reader is referred not only to the detail description, meth- 
od of operation, and illustration of the device given in 
the text section, but as well to the page in the catalog 
section where the device which he has selected as best 
suited for his needs is described authoritatively by the 
manufacturers. 

The illustrated text section, which directly follows the 
definition section, has been sub-divided into divisions cor- 
responding to the general classification of machines. 
Thus the text contains separate sections devoted to 
hoisting machinery, conveyors, elevators, industrial and 
motor trucks, tractors and trailers, industrial rail trans- 
portation track, cars and locomotives, and handling 
systems. Each section is fully illustrated, the illustra- 
tions showing typical applications of the various 
machines as well as their general characteristics and 
appearances. 

A catalog section of 150 pages supplements the infor- 
mation shown elsewhere in the book. In it the 
manufacturers of machines present detail descriptions 
and illustrations of particular devices referred to in the 
other sections of the book. 

A general subject index covering the entire contents 
of the book is an additional help in making the informa- 
tion readily available. 


Selecting Designs for Electric Locomotives’ 


Merits of Various Wheel Arrangements of Steam and 
Electric Locomotives Determined by Tests 


By A. W. Gibbs 


Chief Mechanical Engineer, Pennsylvania 


HERE are certain questions as to electric locomo- 
TP ives such as the transmission of power from the 
motor to the driving wheels and the behavior of the 
complete locomotive considered as a vehicle, particularly 
with reference to its effects on track structure, which have 
not received adequate attention. These problems may 


best be studied with reference to approved types of steam 
locomotives and this paper deals especially with the re- 


Fig. 1—Columbian Type (2-4-2) Locomotive 
sults of a comparative trial of steam and electric locomo- 
tives which was made in 1907 to secure information in 
connection with the design of electric locomotives for the 
Pennsylvania terminal in New York City. It should be 
understood that at that time but a limited number of 
types of electric locomotives were available for com- 
parison. 

The greatest difficulties of the electric locomotive, other 
than financial, are mechanical rather than electrical. None 


Fig. 2—American Type (4-4-0) Locomotive 


of the mechanical arrangements to be described are ideal 
by any means, and we must not mistake the absence of 
heavy repairs in the early years of an installation as truly 
representative of the expenses which will be met later on. 

At first blush it would seem that nothing couid be 
more ideal than the connection of a revolving armature 
and a revolving driving axle. As a matter of fact, it is 


*Abstract of a paper read before the Franklin Institute, Philadelphia, Pa. 


not at all simple for the reason that the driven axle not 
only revolves but is displaced bodily as well as angularly 
in the vertical plane. Moreover, these displacemenis of 
axles and wheels, which are not spring supported, occur 
suddenly, due to irregularities in the track, hence it is 
desirable to reduce the unsprung weight to a minimum. 
The difficulties from these various disturbances are 
encountered principally at the higher speeds and are those 
with which we shall mainly deal. The different methods 
of communicating motion from the motor to the driving 
axle may be considered under the following designations : 
A. That in which the armature is carried directly on 
the driving axle, the axle boxes sliding in vertical pedes- 
tals and the face of the field coils being parallel verticaily 
on each side of the armature. In this construction the 
whole of the field coils can be rigidly secured to the trame 
and above the supporting springs. This arrangement 
permits the easy removal of the driving axles and wheels 
with the least disturbance of other parts. The disadvan- 
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Fig. 3—Assembled Recording Tie 


tages are the increase in the unsprung weight on the axle 
and the low center of gravity of the entire motor. So 
far this drive has been confined to direct current oper- 
ation. 

B. The geared drive, with the gear on the driving 
axle engaging a pinion on the motor, one end of the 
motor frame being carried in bearings on the axle, the 
other by proper nosing on the truck frame. The disad- 
vantages of this arrangement are the low center of gravity 
of the motor as a whole, the considerable unsprung weight 
and the gear wear, principally that of the pinion. Usually 
the motors are in pairs between pairs of axles, and in con- 
sequence the gyratory disturbance is less than where the 
motor center coincides with that of the axle. This gen- 
eral type of drive, which is in common use in street car 
operation is, undoubtedly, the one having the widest appli- 
cation and operates with both alternating and direct 
current. 

C. The quill arrangement in which the whole motor is 
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concentric with the axle in its normal position, but is not 
directly connected, the axial opening of the armature 
being larger than the diameter of the axle. The physical 
connection between quill and axle is by springs inter- 
posed between pockets in the periphery of the driving 
wheel center and the arms of a revolving spider connected 
to the armature. These springs not only transmit the 
driving torque, but also compensate for the axial dis- 
turbance of the driving axle. In some installations the 
motor frame as a whole is spring-supported, so as to 
assist in assuming a position concentric with the axle. 
The objections are the low center of gravity of the motor, 
the distance between the motors measured from the center 
of the truck, the fact that the motor can be removed from 


Fig. 4—Metal Strip Used in Recording Tie, Showing Impressions 


the axle only by drawing one of the wheels, and that any 
lack of concentricity between the quill and the driving axle 
puts a continued and varying inertia stress on the torque 
springs. 

Both arrangements “A” and “C” have the further dis- 
advantage that the ratio of the speed of the motor to that 
of axle is unity, thus involving higher motor weights than 
when this ratio is greater. 

D. A modification of the quill arrangement in which 
the quill is driven by one or more motors through spur 
and pinion arrangement. The advantage of this is that 
the motor parts are much more accessible than in the con- 
centric type, and that the speed ratio of motor armature 
to driving axle may vary through a fairly wide range, and 
that where two motors drive the same quill the tooth load 
is that of a single motor. The disadvantage is the in- 
creased axle distance due to the width over two motors. 

E. That in which one revolving element is a jack shaft 
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Fig. 5—American Type (4-4-0) Locomotive 


driven by one or more motors and coupled by crank pins 
and rods to the crank pins of driving axles. The jack- 
shaft when placed in the horizontal plane of the driving 
axles maintains a fixed position relative to the driving 
motor or motors. The relation between them may be a 
second set of rods coupling the jack-shaft cranks to a 
similar pair on the motor; or the jack-shaft may be driven 
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through spur or herring-bone gears cut on the periphery 
of the disk engaging pinions of one or more motors. 
These rod connections have been used more largely in 
Europe than here. The jack-shaft and rod combination 
is an exceedingly rigid one and the wheel arrangement 
forms a more rigid connection than in the case of steam 
driving through pistons. The advantages are that the 


removal of driving wheels does not involve electric com- 
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Fig. 6—Atlantic Type (4-4-2) Locomotive 
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plications, and that all driving wheels in the group act 
together, so that the full adhesion of the group is secured, 
and it is probable that a higher total adhesion will be 
available from groups than from single units where the 
slipping of one unit reduces the total adhesion. The 
disadvantages are mechanical complications involving 
exact quartering of all wheels and jack-shafts, the neces- 
sity of equal diameter of all driving wheels, and the heat- 
ing of pins and maintenance of rod bushings. Contrary 
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Fig. 7—Electric Locomotive No. 10,001, Geared Drive, Type B 


Inside Face of Coupler 
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to expectation the maintenance of jack-shafts involves no 
great difficulty. : : 

In no type of electric locomotive drives are there coun- 
terbalance disturbances due to counterweights, as only 
rotating masses are in motion. 


Starting Power of Locomotives 


As governed by adhesion the motor-driven axle in start- 
ing has a relatively high adhesion because of the uniform 
torque of the motor. It is a well-recognized fact that 
static weighings of locomotives show considerable dis- 
crepancies on individual axles. How this discrepancy 
varies in moving locomotives is not known. 

Assuming that the motor torque is greater than adhe- 
sion resistance, we have, where axles are individually 
driven, the adhesion of the axle with the lightest loading 
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governing the adhesion of the group. Where, on the 
other hand, there is a rod connection between the various 
axles, we utilize the full adhesion of the group. The 
presence of the coupling rods does not preclude the appli- 
cation of power to any axle or number of axles, though 
the usual practice has been to apply all the power to one 
or more jack-shafts and from them to a group of axles. 
This utilization of the full adhesion in starting is a mat- 
ter of importance in any type of locomotive, as usually 
they will pull heavier trains than they will start. 

In the earlier days of steam locomotives the aim was to 


26-1" Wheel Base 
37-10%" 
47950* 45180" 
Total Weight 195140” 
Moximum Width 10'-/4” 


Fig. 8—Electric Locomotive No. 10,002, Quill Drive, Type C 
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keep the vertical center of gravity low with the idea that 
this was conducive to stability. Not until the Reading 
Railroad in its introduction of the wide firebox type of 
locomotive was forced to elevate the boiler so that the 
firebox would clear the driving wheels, was it recognized 
that this change had materially improved the steadiness 
of the locomotive as a vehicle. The reason, of course, 
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Fig. 9—Electric Locomotive No. 10,003, Quill Drive, Type C 
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was that the center of gravity of the parts above the 
springs acting as an inverted pendulum failed to respond 
to the many small disturbances which would otherwise 
have produced side shocks. Since that time designers 
have not hesitated to raise the center of gravity of the 
parts above the springs, and the present limits are chiefly 
those of overhead clearance. 

One other steam locomotive lesson that seems to have 
been forgotten was that with a short symmetrical wheel 
arrangement with heavy overhanging weights distrib- 
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uted longitudinally of the whole machine, excessive lateral 
oscillations were set up which endangered the track and 
locomotive. Figs. 1 and 2 show locomotives of the 
Columbian or 2-4-2 type and the American or 4-4-0 type. 
Here are two types of almost the same total wheel-base 
with nearly the same height of boiler above rail. The 
weight of the 4-4-0 type was but 7 per cent greater than 
that of the 2-4-2 type. The 2-4-2 type was so unstable 
that it was soon condemned. The 4-4-0 type is notably 
a steady-running one and its performance will be graph- 
ically shown later. The reason for the difference in per- 
formance is probably that the wheel arrangement of the 
2-4-2 was symmetrical, while that of the other was not. 

When it became necessary to design locomotives to 
operate the New York terminal of the Pennsylvania Rail- 
road two electric locomotives were designed and built. 

Both consisted of two four-wheel trucks with motors 
for each axle. In both cases the trucks were articulated 
at the center and carried the necessary draft gear at the 
ends, thus the pull was transmitted through the frames 
of the trucks and not through the superstructure. 

In one of these locomotives the motor drive was by 
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Fig. 10—Electric Locomotive No. 028, Quill Drive, Type C, with 
Pivoted Truck 


gear, the second method referred to. The other was 
driven by four concentric motors through quills. 

The wheel-base of both were identical, that of the 
trucks 8 feet 6 inches and the total 26 feet 1 inch. 

Both operated by direct-current at 650 volts through 
third rail. 

About the time that they were completed reports of 
troubles elsewhere made it very desirable that we should 
ascertain their performance before constructing the large 
number of locomotives necessary for the operation of 
the tunnels. 


Method of Determining Lateral Impact 


The line of the West Jersey was available for track 
and current, and it was decided to construct an experi- 
mental track with ties which would make some permanent 
record of the lateral impacts of the locomotives. As it 
was expected that the bad oscillations would occur on 
curves, if anywhere, only one end of each of the ties was 
arranged to register. 

Fig. 3 shows one of these ties, the end at the outer rail 
being so constructed that the rail was free laterally, rest- 
ing on rollers, resisted against outward movement by a 
bracket carrying a strip of boiler plate, movable longi- 
tudinally at will. Against this strip rested a one-inch 
steel ball which in turn bedded in a plunger bearing 
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against the outside face of rail. (Fig. 4 shows one of the 
impression plates carrying the record of 30 runs. ) 

The record obtained with this device was a species of 
glorified Brinell test, the depth of the impressions of the 
one-inch ball in the boiler plate being taken as a measure 
of the impact. After each run the plates were slipped 
longitudinally and adjusted to touch the ball, each single 
plate taking the record of 30 or more runs. It is to be 
clearly understood that this method carries with it some 
decided limitations which must not be overlooked. Each 
run, whether with one or more vehicles, made a single 
impression on each plate. While it was assumed that 
the indentation was that of the heaviest impact, it 1s pos- 
sible that two or more impacts occurred on a single point 
with some cumulative effect. In some of the runs it ts 
believed that this was the case. There was also some 
question as to the interpretation of the impressions. They 
were calibrated by static loading in the testing machine 
and also dynamically by falling weight. 

The recording ties, 80 in number, extending over five 
rail lengths, or a total distance of 165 feet, were laid on 
a one-degree curve in the southbound track, near Frank- 
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Fig. 11—Record of Run Made with American Type (4-4-0) Steam 
Locomotive at a Speed of 83.5 Miles Per Hour on Curve 


linville; N. J., in 1907. There were 16 of the recording 
ties to each rail-length and at every splice on both rails 
the two ties at the splice were so located that the joint 
between the rails came between the ties, which at this 
point were 20 inches apart. The other 14 ties were spaced 
as uniformly as possible, taking into consideration the 
necessities for spacing at the rail joints. Tie No. 1 was 
placed about 28 ft. south of the point of curve. The 
super-elevation of the outer rail of curve was 3 in. and the 
elevation of the rail began at a point about 250 ft. north 
of the point of curvature. 

Tie plates were used on wooden ties immediately south 
of the test track for one-quarter of the distance around 
the curve. The ballast used at the curve was gravel and 
cinder. The rails were P. R. R. section 100 lb. to the 
yard, in good condition. It was specified in arranging 
the experimental track that it should be lined up in about 
the best average condition of track used on this piece 
of road. 

The tangent track approaching the curve from the 
north consisted of 100-lb. rails supported by wooden ties, 
single spiked. The substructure was of broken stone bal- 


ERECTRICAL ENGINEER 


Vol. 12, No. 12 


last with the exception of about 1,500 ft. north of the test 
track, in the vicinity of Clayton, where most of the runs 
were started and where cinder and gravel ballast were 
used. 

After the completion of the runs on the curve, the 
recording ties were removed to the tangent north of 
Franklinville station, where the trials were completed. 
At this location the track consisted of 100-lb. rail with 
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Fig. 12—Steam Locomotive, Atlantic Type (4-4-2), Speed 95.7 Miles 
Per Hour on Curve ~- 


broken stone ballast. The speed record was obtained by 
means of a series of trips, operated by the locomotive 
passing over them, which broke and made the circuit going 
to the chronograph. These trips were located such dis- 
tance apart that at a speed of 100 miles per hour the time 
between trips would be one second. Four trips were used 
for the tests on the curve and seven for those on the tan- 
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Fig. 13—Electric Geared Locomotive No. 10,001, Speed 71.5 Miles 
Per Hour on Curve 


gent, the idea being that failure of one or two trips would 
not vitiate the record of the run. 

Other apparatus used in the tests consisted of speed 
recorders on the locomotive, which were used only to 
obtain approximate speeds; and in some of the runs, there 
was placed on the locomotive a seismograph having three 
pendulums, giving vibrations in vertical, transverse and 
longitudinal directions. 
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The equipment available for testing included a wide 
variety of steam locomotives, and four electric locomo- 
tives. 

The steam passenger locomotives selected were, one 
of the 4-4-0 or American type (Fig. 5), the other of the 
4-4-2 or Atlantic type (Fig. 6). 

The electric locomotives were Nos. 10,001 (Fig. 7) and 
10,002 (Fig. 8) already described; No. 10,003, or Amer- 
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Fig. 14—Electric Locomotive No. 10,002, Speed 68.3 Miles 


Per Hour on Curve 


ican type, that is, with two pair of driving wheels and 
a four-wheel truck (Fig. 9); and No. 028, a brand-new 
locomotive belonging to the New York, New Haven & 
Hartford, which consisted of two four-wheel trucks pivo- 
tally connected to the body which carried the draft at- 
tachments (Fig. 10). 

The drives of Nos. 10,003 and 028 were very similar, 
consisting of a quill drive (type C). 

Locomotive 10,003 was arranged for a.c. operation, 


Fig. 15—Tangent Track Kinked by Electric Locomotive No. 10,002 


which necessitated provision for d.c. control operation, 
which was placed in a separate car that always accom- 
panied the locomotive. 

No. 028 was arranged with double control, a.c.-d.c., 
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so as to facilitate its operation into Grand Central Ter- 
minal, New York. 

Considered from various standpoints these locomotives 
ranked as follows: 


Total Distance center to 
As regards wheel-base: wheel-base center of trucks 
Wlectric i ccos el0s003. 4. ames. scien eee 20) ht. 7 itis 17 ft. 6 in. 
Blectricmloca, U2Seeen tats ear ee. eee 22 ft. 6 in, 14 ft. 6 in. 
Steam, American type (4-4-0).......0..00. 22 ft. 9% in. 19 ft. 6 in. 
iectries OLO0M and WOO02m noel n oe. cee: 26 ft. 1 in. UTE a7 ite 
Steam, Atlantic type |G4=4-2)iee aan) ane ee 30 ft. 9% in. 
pteam;. Atlamtic typer (4-452). le. cen 30 ft. 9% in. 


As regards center cf gravity: 


Vertically Longitudinally 


Electric loco. 10,002)..5...-.. 42% in. above rail 31% in. from center 

Wléectrie loco, 10,000. one 4514 in. Centrally 

Blectrres loca, 028). eee oe 55 in. Centrally 

Electrica loco, 10:003. .c0se .. 55 in. 1 in. ahead of front drivers 

Steam, American type (4-4-0) 63 in. 10% in. ahead of front 
drivers 

Steam, Atlantic type (4-4-2). 73 in. 414%, in. ahead of rear 
drivers 


Thus, if length of wheel-base is to govern, the Atlantic 
type steam locomotive is the best, and the American type 
electric, 10,003, should be the worst. If height of center 
of gravity is to be the deciding factor, the Atlantic steam 
locomotive is still the best, and the articulated quill-drive 
electric 10,002 the worst. 

As the object of the trials was to determine stability at 
express speeds, very few of the runs were made at lower 
ones, but it is fair to say that with any type of locomotive, 
steam or electric, not much disturbance should be ex- 


Fig. 16—Spikes Bent as Result of Lateral Impact on Tangent Tracks 


pected at low speed, consequently progressive speeds were 
selected up to the maximum speed capacities of the vari- 
ous locomotives. 


Results of Tests 


The runs with the steam locomotives went off very 
smoothly. Typical records are shown at different speeds 
for each type (Figs. 11 and 12). The maximum speed 
for the 4-4-0 type was 83 miles per hour, and for the 4-4-2 
type, 95 miles per hour. It is not to be understood that 
these are practical operating speeds. 

When the electric locomotives were run the story was 
very different, as will be seen from the diagrams (Fig. 
13). The record for the geared locomotive, 10,001 (type 
B), shows severe oscillation with either end leading, there 
being three rather pronounced peaks at about the same 
space interval. 

The maximum depth of impressions would indicate a 
lateral severity about double that with steam locomotives. 

t is probable that had the ties been arranged to record 
impressions at each end, intermediate impacts would have 
been shown on the opposite rail. 

With 10,002, articulated quill drive, the records both 
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of depth of impressions and of the seismograph were 
decidedly the worst of all the locomotives under trial 
(Fig. 14). While runs were being made with this loco- 
motive the tangent approach track began to spread, with 
results shown in Fig. 15. The greatest spread was 7%-in. 
which caused kinking of the rail and bending of the spikes 
as shown in Fig. 16. The same thing happened in vary- 
ing degree where runs were made with different locomo- 
tives coupled together, but only when locomotive 10,002 
happened to be one of the combination. 

With the non-articulated locomotive, 028, the readings 
both of the impressions (Fig. 17) and of the seismo- 
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Fig. 17—Record of Impressions with Electric Locomotive No. 028 
on Tangent, Speed 88.3 Miles Per Hour 


graph showed a very much better performance, and so 
far as this set of tests went, the locomotive could not be 
considered bad. It was, however, tried only on the tan- 
gent track after the completion of the tests on the curve. 
The subsequent history of this type of locomotive in 
service showed that as wear accumulated the lateral 
oscillation became serious, so much so that the locomo- 
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The last of the electric locomotives, 10,003, was in 
fact an eight-wheel American-type locomotive, and the 
records on both curve and tangent at once put it in the 
class of the best: steam locomotives (Fig. 18). As 
originally constructed the leading truck had free lateral 
motion, and an extensive set of runs in both directions 
showed that while the free swing was an advantage when 
the truck led, it was a disadvantage when it trailed, and 
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Fig. 18—Record of Impressions with Electric Locomotive No. 10,003, 
Speed 82.6 Miles Per Hour 


that the best compromise was with truck rigid laterally. 

These Franklinville tests concluded with runs of differ- 
ent combinations of locomotives coupled together. Ap- 
parently when the locomotives were coupled, the number 
of impressions was increased without material increase 
in the depth. 

It appeared that in all combinations, including the 
articulated quill-drive locomotive 10,002, the riding of 
the companion locomotive was worse than when operated 
by itself. 

The influence of the approach track had a very marked 


Fig. 19—Chassis of Electric Locomotive Finally Adopted 


tives were changed by addition of a third carrying axle 
to each truck, thus forming a non-symmetrical arrange- 
ment and at the same time providing a longer wheel- 
base. It is probable that the smoothness of the diagram 
for this locomotive was largely due to the absence of end 
play of the axles in their boxes. 


effect on the results. It was evident that for best results 
the recording track should have been very much longer 
to record the resonant type of oscillations from their 
origin through their development to the final dampening. 
It was evident that ties should have been arranged to 
record on each end. 
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The severity of the impacts from the impressions meas- 
ured statically is indicated by the following notes on rail 
pressure at speeds above 60 miles per hour: 


Group A—Stram Locomotive 
No. 6034, Type D-16b (4-4-0) 
Maximum readings of 6 runs, speeds between 60.07 and 83.2 M.P.H. 
At 60.07 M.P.H.—Impressicn .0135 in.—Pressure 7,250 Ib. 
At 80.0 M.P.H.—Impression .0141 in.—Pressure 7,580 1b. 
Average—74.3 M.P.H.—Impression .0123 in,—Pressure 6,610 lb. 
Group B—Steam Locomotive 
No. 6020, Type E-2 (4-4-2) 
Maximum readings of 7 runs, speeds between 59.6 and 95.7 M.P.H. 
At 71.2 M.P.H.—Impression .0129 in.—Pressure 6,930 Ib. 
At 80.8 M.P.H.—Impression .0159 in.—Pressure 6,550 Ib. 
Average—74.4 M.P.H.—Impression .0123 in—Pressure 6,500 lb. 


Group C—Etectric Locomorive No. 10,001 
Forward, No. 2 End Ahead 


Maximum readings of 6 runs, speeds between 61.1 and 71.3 M.P.H. 
At 71.3 M.P.H.—Impressiocn .0272 in—Pressure 14,620 lb. 

At 67.9 M.P.H.—Impression .0193 in.—Pressure 10,370 Ib. 
Averages -64.5 M.P.H.~-Impression .0165 in.—Pressure 8,870 Ib. 


Reversed, No. 1 End Ahead 


Maximum readings of 4 runs, speeds between 60.9 and 70.1 M.P.H. 
At 62 and 70.1 M.P.H.—Impression .0289 in.—Pressure 15,530 Ib. 
At 69.7 M.P.H.—Impressicn .0298 in.—Pressure 16,000 Ib. 

Average—65.7 M.P.H.—Impression .0267 in.—Pressure 14,350 1b. 


Group D—Etecrric Locomotive No. 10,002 


Maximum readings of 4 runs, speeds between 60.8 and 68.1 M.P.H. 
At 62.8 M.P.H.—Impression .039 in.—Pressure 20,960 lb. 

At 66.0 M.P.H.—Impression .0311 in.—Pressure 16,720 lb. 
Average—64.4 M.P.H.—Impression .0291 in——Pressure 15,640 lb. 


Groupe E—Etecrric Locomotive No. 10,003 (4-4-0) 
Forward, Bolster Free 


Maximum readings of 8 runs, speeds between 60.8 and 88.3 M.P.H. 
At 63.3 M.P.H.—Impression .0123 in.—Pressure 6,610 lb. 

At 72.38 M.P.H.—Impression .0125 in.—Pressure 6,720 lb. 
Average 74.1 M.P.H.—Impression .0113 in.—Pressure 6,070 lb. 


Forward, Bolster Blocked 


Maximum readings of 6 runs, speeds between 60.0 and 83.9 M.P.H. 
At 75.1 M.P.H.—Impression .0179 in.—Pressure 9,620 Ib. 

At 83.9 M.P.H.—Impressicn .0193 in.—Pressure 10,370 lb, 
Average—73.5 M.P.H.—Impression .0149 in.—Pressure 8,010 Ib. 


Reversed, Bolster Blocked 


Maximum readings of 6 runs, speeds between 60.0 and 83.9 M.P.H. 
At 65.5 and 70 M.P.H.—Impression .0115 in.—Pressure 6,180 Ib. 
At 68.2 M.P.H.—Impression .0117 in.—Pressure 6,290 Ib. 
Average—74,04 M.P.H.—Impression .0106 in.—Pressure 5,7(0 lb. 


Reversed, Bolster Free 


Maximum readings of 5 runs, speeds between 60.4 and 77.5 MP. 
At 68.9 M.P.H.—Impression .0289 in.—Pressure 15,530 lb. 
At 70.2 M.P.H.—Impressicn .0281 in.—Pressure 15,100 Ib. 
Average—68.9 M.P.H.—Impression .0236 in.—Pressure 12,700 lb. 


Group F—New Haven Etecrric Locomotive No. 028 


Maximum readings of 9 runs, speeds between 60 and 88.3 MiP Et: 

At 70.7 and 72.6 M.P.H.—Impression .0197 in.—Pressure 10,370 lb. 
At 70.8 M.P.H.—Impression .0180 in.—Pressure 10,000 Ib. 
Average—71.7 M.P.H.—Impression .0149 in.—Pressure 9,000 lb. 


The outstanding fact seemed to be the superior per- 
formance of the locomotive with the non-symmetrical 
wheel arrangement over that with the double four-wheel 
motor-driven trucks. The articulated truck arrangement 
was undoubtedly the worst of the combinations, but how 
much was due to low centre of gravity and how much 
to the articulation setting up a snaking motion was not 
definitely shown. 

It is to be noted that one of the double-truck motor- 
driven locomotives and one with two driven axles and 
leading truck had the same height of centre of gravity, 
and the latter arrangement was decidedly the better. The 
comparison is the more interesting because in both of 
these locomotives the same quill-drive type is used. 

_ The action as the result of the tests was the condemna- 
tion of both types of articulated electric locomotives and 
the preparation of an entirely new design. 

The new design consisted of two eight-wheel Ameri- 
can-type locomotives coupled back to back, each driven 
by one motor in the cab and coupled by cranks and rods 
to a jack-shaft placed in the horizontal axis of the driv- 
ing wheels, and coupled to them by rods, as in this case 
of steam locomotives (Fig. 19). In this design were 
embodied not only the non-symmetrical wheel spacing of 
each semi-unit, but also the elevation of the centre of 
gravity of the spring-borne portion. This design was 
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completed and locomotives built and tested in time to 
start the operation of the New York terminal in 1910, 
and the locomotives have satisfactorily performed that 
service ever since. 

It is not claimed that the question of stability is fully 
understood. The selection of available wheel arrange- 
ments was very limited, but prompt decision was im- 
perative. It is felt that this investigation should be con- 
sidered as only a starting point for a much more ex- 
tensive one, which should determine the most desirable 
arrangements of wheels, of height of centre of gravity, 
and method of motor drive. 

So far as this particular investigation was concerned, 
the question of electric system was not involved, but, of 
course, a full discussion of the characteristics of steam 
and electric locomotives cannot ignore such questions. 

Since this set of tests with single-ended ties, other 
series have been made in which the ties were arranged to 
record at each end. More ties were used so as to lengthen 
the test track. As for the equipment, the test included 
different methods of coupling the semi-units or electric 
locomotives ; also studying the effect of depressions pur- 
posely placed in the approach track, the effect of differ- 
ent amounts of end clearance in the axle boxes, variation 
in the amount of counterbalancing in steam locomotives, 
etc. The whole accumulation of data is too voluminous 
to be included in one paper. Although considerable prac- 
tical information of value has resulted from the various 
trials, there is much work yet to be done before the ques- 
tions of stability are really understood. It is to be re- 
gretted that the selection of electric locomotives did not 
include greater variations in the wheel-base, the method 
of articulation and height of centre of gravity, but it is 
believed that the work already done is a very good start- 
ing point for future investigations. 


Flexible Joints for Headlight Turbine 
Steam Lines 


ape steam supply pipe between the cab and headlight 

turbine is subject to considerable vibration which 
has resulted in the pipes breaking off where they are 
screwed into the turbine. In order to eliminate this 
trouble a number of roads have adopted the practice of 


Two Types of Flexible Joints 


using flexible steam line joints in the turbine steam line 
with most satisfactory results. For this purpose flexible 
joints, made by the Barco Manufacturing Company, Chi- 
cago, have been used. These joints are used in sizes of 
4 in., 3% in., 7C-8 or 7C-8B, according to the type of 
turbo-generators used and the direction of the pipe at 
the turbine. 
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“Carrier Current’? Communication 
System Demonstrated 


A GROUP of prominent technical experts represent- 

ing the New York Central and Pennsylvania Rail- 
road systems .witnessed a demonstration of what is 
known as the “carrier current” system of communica- 
tion, at Schenectady, on December 1. These tests were 
the culmination of development work extending over a 
period of ten years, followed by practical tests made on 
the Chicago, Milwaukee & St. Paul Railway, where com- 
munication was effected up to 60 miles. 

The system makes use of a second current superimposed 
on the same trolley wire which supplies current to op- 
erate the car. This ‘carrier current,” which is generated 
at higher frequency than the power supply, serves to 
transmit messages along the wire, from which it is picked 
up at any convenient point and made to energize a tele- 
phone instrument. : 

The demonstration took place on the Schenectady Rail- 


Using 


“Carrier Current’? Communication System During Recent 
Tests at Schenectady 


way, five miles from the city, and was arranged by the 
Railway Department of the General Electric Company, 
which is interested in the development of the new system. 

From the moving trolley car the railway men were 
enabled to talk successfully with a substation on the line 
several miles distant, and also to listen to conversation 
from the operator in the station. The second feature of 
the demonstration was listening to the conversation of the 
substation attendant at a waiting room two miles from 
the substation, the messages being transmitted over the 
trolley wire and amplified in the waiting room by a loud- 
speaking telephone instrument. 

The demonstration was designed primarily to show the 
application of the system to communication on electric 
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railways, especially as regards expediting train operation. 
It was developed particularly to afford an effective means 
of communication between the head and rear ends of long 
freight trains and to prevent “pulling draw bars.” Ex- 
perience with the system on the St. Paul, where it has 
been given exhaustive tests, shows it to be well adapted 
to communicating ahead of trains stalled by a faulty block. 
Use of the system ona single track portion of the St. Paul 
cleared up a misunderstanding on signals and saved an 
hour or two time, the loss of which would have been 
caused by having to send the flagman ahead to the next 
block. These previous tests in the West which were car- 
ried out by J. H. Payne, Jr., of the General Electric Re- 
search Laboratory, proved the practicability of the sys- 
tem and pointed to large benefits to electrified roads or to 
those which in future may become electrified. Communi- 
cation on the St. Paul was effected up to 60 miles. 

The apparatus used for carrier current communication 
is small and simple of operation. It consists essentially 
of vacuum tubes used as oscillators, rectifiers and detec- 
tors, making up a telephone equipment equaling in sensi- 
tiveness and simplicity the most modern apparatus. 

Commenting on the tests, W. B. Potter, engineer of 
the Railway and Traction Department of the General 
Electric Company, said: 

“These tests at Schenectady and on the C. M. & St. P. 
Railway indicate the early perfection of a practical tele- 
phone system utilizing the power wires as a conductor, 
which will provide for the usual call and telephone com- 
munication between different locomotives in the same 
train, the locomotive and caboose at the rear of the train, 
or communication between different trains. This system 
is equally applicable to communication between the train 
dispatcher and the trains in operation under his direction. 
This is an important development which we feel sure will 
contribute materially to the facility and safety of railway 
operation. 

“The locomotive engineer on the head locomotive of a 
long freight train will be able to tell the engineer of the 
pusher at the rear when he is ready to start without re- 
sorting to ‘bumping’ the rear locomotive through the long 
train as is sometimes necessary when the present whistle 
signals are not audible. The train conductor can com- 
municate with his engineer in case of anything happening 
to his own train which the engineer is not in a position to 
observe. The engineers of different trains on the same 
track can communicate with each other, which would 
creatly lessen the liability of train collision. While train 
orders will continue to be issued as a matter of record, 
they will not be beyond countermand by the train dis- 
patcher in case of an emergency. The train dispatcher 
could in fact stop every train on his division should oc- 
casion require.” 


Twenty-six People Killed, 190 injured and 586 
automobiles destroyed is the grade crossing record on the 
Southern Pacific for the past nine months. Nearly 300 
drivers ran in front of or tried to beat the train to the 
crossing; 126 ran into trains, instead of trains striking 
them: 76 stalled on the track, largely the result of wait- 
ing until on the track before shifting gears; 55 ran into 
and broke down crossing gates; 28 approached the track 
at high speed, and five ran down and injured crossing 
flagmen. 
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A View of One of the Three Lift Bridges 


Electric Tractors in Freight Transfer Service 


New Haven Road Effects Important Economies by Using 
Electrical Equipment in Handling L. C. L. Shipments 


WU important transfer stations, having a combined 
capacity for handling approximately 25,000 tons of 
merchandise freight monthly, have been closed per- 

manently by the New York, New Haven & Hartford, and 
freight houses at eight originating points on its western 
lines have been relieved, in a large degree, of the necessity 
of carrying on transfer work as a result of opening for 
business new freight transfer facilities at Cedar Hill, New 
Haven, Conn. 

In addition to the important economies effected in the 
entire freight transfer business on the west end of the 
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larly eastbound cars received via the Maybrook, N. Y., 
gateway were handled at Maybrook transfer. 
Westchester transfcr was operated under the gang and 


-hand truck system and handled from 15,000 to 20,000 


tons of merchandise freight a month. Because of the 
diversity of destinations, and the lack of sufficient ton- 
nage to warrant direct cars to destination, a large amount 
of freight handled there received a secondary transfer, 
east. The gang and hand truck system was also fol- 
lowed at Maybrook. Less freight was received at that 
point than at Westchester and it was not practical to 
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Layout of Cedar Hill Transfer 


New Haven, through the concentration of eastbound mer- 
chandise cars at one point, made possible by the new facil- 
ities at Cedar Hill, the new transfer is of particular in- 
terest because of the modern electrical equipment used 
in its operation. 


Concentration of Cars Made Possible 


Before the opening of the Cedar Hill transfer east- 
bound merchandise cars received by the New Haven via 
the Harlem river gateway were handled at the West- 
chester, N. Y., transfer as far as the limited facilities at 
that point would permit. Cars received in excess of that 
plant’s capacity were sent further east, either to the 
Bridgeport, Conn., or the New Haven transfer. Sim- 


make up the direct-to-destination cars which good serv- 
ice demands. . 

By centralizing the cars received through both gate- 
ways at Cedar Hill, a direct-to-destination classification 
was made possible for approximately 75 per cent of the 
freight handled there, thus insuring better service from 
the standpoint of time, and reducing the number of cars 
required for the service, as well as the loss and damage 
resulting from a transfer of freight en route. 

In addition to the Westchester and Maybrook plants, 
the road operated transfer plants at Bridgeport, Conn., 
and New Haven. These transfers accommodated ap- 
proximately 100 cars each. Smaller transfers were op- 
erated at Danbury, Waterbury, Hartford and Putman, 
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Conn.; Springfield, Mass., and Poughkeepsie, N. Y. 
Because of the small tonnage handled at these points 
only a limited number of classifications could be made 
and, in many instances, a second transfer was required 
before freight could be delivered at destination or to a 
connecting line. 

All of the transfers mentioned, except Westchester 
and Maybrook, were in cities originating a considerable 
local tonnage and the local and the transfer plants were 
combined. As a result, delays to either the local freight 
or freight in transit were frequent. 

Cedar Hill transfer was opened in July, 1920. One 
hundred and thirty-one. distinct classifications are made 
daily and as many as 305 cars have been worked in one 
day, a normal daily performance being between 260 and 
285 cars. The ability of the transfer to work this num- 
ber of cars, with tractors and trailers, has resulted in the 
closing of the transfers at Westchester and Maybrook 
permanently. Furthermore, approximately 80 per cent 
of the transfers at Bridgeport and Hartford and 50 per 
cent of the transfers at Waterbury, Danbury and Pough- 
keepsie, have been eliminated through the concentration 
of the transfer business on the west end of the line. In 
addition, the Cedar Hill plant handles business diverted 
from all of the other transfers mentioned. 


Platforms and Supporting Tracks 
Cedar Hill transfer and its supporting tracks are lo- 
cated approximately in the center of the Cedar Hill yard, 
between the humps serving the westbound and the north 
and eastbound classification yards, in a location conveni- 


Sets, 
for Charging Tractor Batteries 


Motor-Generator Compensators and Control Switchboard 


ent for the receipt of cars from the various New Haven 
lines converging at Cedar Hill and for the delivery of 
northbound cars to the various points from which trains 
depart. 

The layout includes 11 tracks and 3 platforms. Be- 
ginning at the east, platform No. 1, which is 20 ft. wide, 
separates the four outside tracks, which are numbered 
consecutively, A, B, 1 and 2, from tracks 3 and 4.  Plat- 
form No. 2 is also 20 ft. wide and is located between 
tracks 3 and 4 and tracks 5,6 and 7. Platform No. 3 is 
30 ft. wide and separates tracks 8 and 9 from tracks 5, 6 
and 7. 
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Each platform is 1,200 ft. long. Platform No. 1 is of 
wood construction and is covered with an umbrella shed 
roof with the posts located in the center of the platform. 
Platform No. 2 is also of wood construction and is cov- 
ered with a hip roof with the posts placed on the edges 
of the platform. Platform No. 3 is of concrete and steel 
construction. 

Three lift bridges, 20 ft. wide, are provided between 
the platforms; the first bridge is located 200 ft. from the 
north end of the platform, the second 600 ft. from the 
north end and the third 200 ft. from the south end. The 
bridges serve as the main line route between platforms 
for loaded trailers and trucks while the door-to-door 
method of spotting cars provides for disposing of trailers 


All Truck Repair Facilities Are Located in One Corner of the 
Charging Room 


after they are made empty without interference with 
oncoming loads. 

An extension of 40 ft., on the platform level, at the 
north end of platform No. 3, provides space for a charg- 
ing station and a repair shop for the tractors, as well as 
for toilets and washrooms for the laborers. Individual 
lockers, benches and tables for the laborers are in the 
basement of the extension. This space is also used for 
a rest-room during lunch hour. 

With the exception of the outside tracks 8 and 9, 
where space is available for 29 cars, each track accom- 
modates 27 cars. Taken together, the supporting tracks 
provide capacity for the total of 300 cars which consti- 
tutes the daily set-up. 


The Car Set-Up 


Empty cars are placed on tracks 3, 4, 5 and 6 and all 
other tracks are used for loaded cars. By referring to 
the plan showing the transfer layout it will be seen that, 
by this arrangement, the center platform becomes what 
might be termed a loading platform with two tracks for 
empty cars on each side. This permits the freight to 
be trucked from the loaded cars over the lift bridges and 
the center platform to the proper destination car and 
allows a quick return of the empty trailers to the work- 
ing platforms Nos. 1 and 2; the trailers, after the un-- 
loading is done, are pushed out of the cars onto the out- 
side platforms by the stevedores. 
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Six of the tracks, 3, 4, 5, 6, 7 and 8, as well as 17 cars 
on track 2, are devoted to standard classification daily, 
The set-up on these tracks is arranged in station and 
train order so far as the length of the tracks permit. As 
previously mentioned, tracks 2, 7 and 8 are set-up daily 
with loaded merchandise cars. Therefore it is evident 


that 17 cars on track 2 and all the cars on tracks 7 and 8 
must be made empty and reloaded daily in following the 
In addition to the cars of the 


standard classification. 


Tractors with Trains and One Running Light 


standard set-up, direct-to-destination cars and overflow 
cars are loaded on the working tracks A, B, 1 and 9, as 
conditions require; or, in other words, in taking care, 
each day, of merchandise from the cars which are re- 
leased. 

The standard classification provides for merchandise 
cars to be made daily for 131 different points. In several 
instances, however, more than one car for a destination 
is required. These are, of course, loaded in series on the 


A General View of the 30-Ft. Concrete Platform 


same track, preserving the station and train order so that 
at the close of each day’s work they can be moved for- 
ward without delay. For instance, the daily tonnage for 
Boston and for Providence is sufficient to warrant a regu- 
lar assignment of 10 cars for each of these cities. More 
than 131 cars are, therefore, required daily to fulfill the 
car requirements of the standard classification. Actually, 
the number of cars required for this purpose is usually 
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in excess of 200 cars. Including the overflow cars. and 
the direct-to-destination cars, the total number of mer- 
chandise cars forwarded daily is approximately 225. 


oes 


Rapid Handling and Low Costs 


The platform equipment used at the transfer includes 
13 Elwell-Parker electric storage battery tractors and one 
Mercury tractor; 485 four-wheel trailers of various types, 
a majority of which are equipped with Hyatt roller bear- 
ings or ball bearings; 132 two-wheel hand trucks and 6 
dolly or machinery trucks. The Elwell-Parker tractors 
are known as the type TA. They are of the three-wheel 
construction with single reduction worm drive—having 
three speeds forward and three reverse. The steering 
handle is arranged so that it can be used either right or 
left handed as desired. The normal draw-bar pull of 
these tractors is 300 lb., which can be increased on occa- 
sion to a maximum of 1,300 lb. The speed at no load 
is 72 miles per hour. One of the special features of 
this tractor is the interconnection between the seat and 
the control apparatus. When the seat is unoccupied it 
is tilted forward by the tension of a spring and when in 
this inclined position it is impossible to move the tractor 
by the operation of the control lever. Moreover, should. 


A General View of the Transfer 


the driver leave his seat for any reason while the tractor 
is in motion, the control connection would be immediately 
broken and the tractor would stop. In normal operation, 
slowing down is accomplished through the action of an 
external contracting brake operated by a foot pedal lo- 
cated in the floor in front of the driver. 

With the exception of short haul shipments, liquids in 
barrels and single package shipments too heavy to be 
loaded economically on flat trucks, all transferring is 
done with tractors and trailers. To secure the full value 
of the tractors, three-wheel “tip-up” trailer trucks have 
been ordered. When they are received the heavy pack- 
ages and liquids in barrels will also be moved by the 
tractors and trailers. 

During the month of August, 1921, based on an 8-hr. 
day, the transfer was operated with 306 employees per 
day as follows: 1 general foreman; 3 foremen: 10 office 
men; 3 inspectors; 43 tallymen; 93 loaders and steve- 
dores; 146 truckmen; 1 cooper; 1 car cleaner: 1 car 
sealer; 1 watchman; 2 battery chargers, and 1 mes- 
senger; a total of 306 men. Twenty-eight of the truck- 
men work on the tractors, either as operators or helpers. 
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Including all money paid to all the employees listed, 
and excluding the “no credit” tonnage which is not con- 
sidered in arriving at the cost of handling, the average 
cost per ton of freight handled during the month was 
$0.669. 

With this force a total of 5,/45 merchandise cars were 
forwarded out of the transfer during August, a daily 
average of 221 cars. During the same month 6,408 
loaded cars were received and unloaded, an average of 
246 cars per day. The average daily tonnage handled 
was 1,849 tons; in addition, 1,334 tons of “no credit” 
tonnage moved out of the terminal in the original cars 
during the month. 

The results of the tractor and trailer system of opera- 
tion have been gratifying. Much more tonnage per man 
is handled at Cedar Hill than at the transfers operated 
under the gang and hand-truck system which it has 
largely superseded. The increase in tonnage handled per 
man has resulted in a decrease in the cost of handling. 

Comparative figures between the operation of West- 
chester transfer—a two-wheel hand-power truck-operated 
transfer entirely—for the last month of its operation, 
June, 1920, and Cedar Hill for the month of May, 1921, 
disclose the fact that 7.542 tons per man per 8-hr. day 
were moved at Cedar Hill as compared with 4.454 tons 
at Westchester, an increase of 69 per cent. 


Battery Charging and Tractor Maintenance 


Tractor maintenance, including the charging of the 
tractor batteries, is a comparatively simple matter, re- 
quiring the services of only two men and one room about 
30 ft. wide and 20 ft. long at one end of the 30-foot plat- 
form. About one-third of this room is occupied by two 
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small motor-generator sets and the necessary switching 
apparatus, and the remainder is used for tractors and re- 
pair facilities. 

One of the maintainers goes on duty at four o’clock in 
the afternoon, just after work on the platforms has 
stopped. Eight of the tractors are run into the charging 
and repair room and placed on charge. Each truck is 
equipped with a battery consisting of 30 Edison cells 
and they are charged at the 8-hr. rate, which insures their 
being fully charged before midnight. Charging is dis- 
continued when the no-load voltage reading is 52 volts. 
The second maintainer relieves the first at midnight and 
has the remaining six tractor batteries charged before 
work is again started in the morning. 
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Two motor-generator sets supply all of the charging 
current. The two are identical and each set consists of 
a 75-volt, 240-ampere direct-current generator driven by 
a three-phase, 440-volt, 30-hp. induction motor running 
at 1,800 r.p.m. There are two charging panels in the 
switchboard and each one is equipped with a circuit 
breaker having an overload trip and no-voltage release, 
a grid charging resistance, an ammeter switch and a volt- 
meter button. With this equipment the operator can con- 
trol the rate of charge on each tractor separately and can 
determine the current and load or no-load voltage of any 
battery with one ammeter and one voltmeter. Occa- 
sionally some of the batteries are given a boosting charge 
at noon, but this is not often necessary. 

The lubrication of the differential gear’ requires one- 
half gallon of oil per year for each tractor. The oil used 
for this purpose is made from the castor bean and pos- 
sesses the advantageous property of a constant viscosity 
within the range of operating temperatures. It is to be 
preferred to grease, where it is possible to use it, as it 
works into the ball bearings better than the grease. It 
also forms an excellent lubricant for the case hardened 
worm in mesh with the bronze worm wheel. In addition 
to the castor bean oil, there are 11 grease cups on each 
tractor which require filling every 30 days. 

The most important duties of maintenance are to 
keep the equipment clean and properly lubricated. The 
tractors are equipped with rubber tires, which are esti- 
mated to have a life of approximately two years for this 
particular installation. 

The transfer is located. on. the: New Haven division, 
E. E. Regan, superintendent, and-is operated under the 
direct charge of J. B. O’Brien, agent, and under the 
general supervision of George Mark, assistant to the gen- 
eral manager. 


The Australian Railway Commission recommends 
the 4 ft. 8% in. railway gage. The estimated cost of the 
conversion by the roads using the narrow gage was esti- 
mated at $115,000,000 in 1913, but the estimate at present- 
day prices is expected to exceed $450,000,000. The state 
premiers will discuss the financing of the work. 
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Grain Elevator at Fort Williams, Ont. 


Third Rail Is Favored by Northwestern Pacific ” 


Feeder Is Clamped Into Web of Rail and Bonds Are Soldered— 
Maintenance Costs Are Low 


UR entire operation is over a private right-of-way, 
6) and therefore we will not enter into any lengthy 
discussion as to why the third-rail system was 
chosen instead of the overhead trolley. Those of tis who 
today (after 18 years of service) have the responsibility 
for the up-keep of this system go to bed nights, yes 
stormy, windy nights, too, and sleep just as soundly as 
those men did who first installed it. Could you say the 
same for a man on a trolley system? I am afraid not. 


Electrical Equipment 


The original installation completed in 1903 consisted 
of the following: Sausalito to San Anselmo, double- 
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Map of Southern Part of Northwestern Pacific, Showing Electrified 
Sections 


track, 10 miles except C. M. tunnel. San Anselmo to 


San Rafael, single-track, two and one-half miles. Al- 
monte to Mill Valley, single-track, two miles. Since 


then there have been electrified two other sections, Balti- 
-more Park to San Rafael via Greenbrae, and from San 
Anselmo to Manor. 

The present system consists of six miles of single-track 
and 15'% miles of double-track, or a total of 37 miles of 
electrified track. 

The first installation of power equipment was the pres- 
ent power house at Alto, a storage battery at Sausalito, 
a storage battery at San Anselmo, and a small motor- 
generator set at San Rafael. The storage batteries have 
been eliminated, and we now have the power house at 


*Abstract of a paner read at the Pacific Railway Club’s fifth annual elec- 
trical night by C. 2. Hatch, electrical engineer-at San Francisco. 


Alto with a capacity of 3,200 k. w. (combined steam and 
motor-generators) and a substation at San Anselmo wit) 
1,500 k. w. in motor-generators, 

All steam generation is 600-volt direct current. The 
motor-generator sets receive power from the transmission 
lines of the Pacific Gas & Electric Co., and deliver 600 
volts d. c. to the third-rail. All stations carry 600 volts 
at the switchboard and that statement establishes our 
layout as a 600-volt system. 


Experience with Third Rail Supports 

The over-running contact rail as used on the North- 
western Pacific is all regular common “T” rail and nearly 
all of it is either 60-lb. steel or 50-Ib. iron. As an elec- 
trical conductor these two kinds of rail are considere“! 
equal, and for practical calculations are equal in conduc- 
tivity to 600,000 circular mil copper, nearly three time; 
the ordinary trolley. 

In the first installation the rail was supported mainiy 
on a large block of wood spiked to the tie and the contact 
rail was spiked to the block. These were continualty 
breaking off and did not last very long. Then 
patent granite blocks were tried. These were put in at 
the Sausalito terminal and through the Corte Madera 
tunnel. The leakage over them was excessive and the 
aura at night was at times brilliant. It was quickly de- 
cided that the object to be obtained was a support tor 
the contact rail and not a means of illumination. The 
granite blocks therefore found their way out. 

At that time the present style of support block was 
designed and put into service and our troubles were nearly 
over. This type block has proven very satisfactory so 
far as the Northwestern Pacific lines are concerned. 
Every sixth tie in the track is one foot longer than the 
standard tie. On this extra length the support for the 
contact rail is placed. This support consists of a red- 
wood block 5 in. square and 614 in. or 7 in. long. The 
length depends on the size of rail in track. This bloclx 
is treated with two coats of insulating paint by dipping: 
There is a 3g in. through bolt at the base holding to 
small angle irons which in turn are lagged to the tie. 
On top of the block is placed a cast-iron cap upon which 
the rail rests. The cap is so constructed as to form an 
apron over the block and give a space of nearly 2 in. on 
the block that is always dry even in the worst rain storms. 
This cast-iron cap has a channel in which the rail rests, 
the channel running parallel with the track. The rail is 
not clamped or fastened to the block in any way, but is 
free to move with the expansion and contraction. 

One of the questions that probably comes to the minds 
of some is that this is not adequate and the contact rail 
should be held down. I am free to admit that we have 
had the contact rail try to crawl all over the right-of-way 
at times, but it generally landed on the running rail and 
the result was fireworks and a shut-down. When this 
buckling has occurred it is simply a case of breaking a 
joint, allowing the rail to straighten out and dropping 
the overlapped ends to allow safe travel of the collecting 
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shoe on cars. This has always happened during the 
warm hours of the day and by morning the men could 
go out and place the rails back on the blocks and bolt 
them together. To overcome this trouble, about twice 
a year men go over the line and hammer the joints and 
pour oil around the angle bars and over a large propor- 
tion of the support block caps. When this has been prop- 
erly done, the buckling feature has been eliminated. As 
an illustration of how successful this is, we have several 
sections of 3,000 ft. and one section of over 4,000 ft. con- 
tinuous run of power rail. 


Undergrounds for Road Crossings 


At road crossings and intervals in front of statiuns, 
the rail is opened and the ends protected by approach 
blocks. These blocks are pieces of rail equal in cross- 
section to the contact rail, but with one end heated and 
hammered, thus allowing the contact shoes on the cars 
to ride up onto the rail easily. At these openings there 
is constructed an underground box with at least one 
1,000,000 circular mil cable in it, the ends of which are 
soldered to the ends of the contact rail, thereby making 
the continuous circuit. 

These undergrounds, as we call them, are constructed 
of one inch redwood and are made four inches square 
inside. The cable is supported in the box, clear of the 
wood by porcelain cleats overy two feet. The box is 
then filled with an asphaltum insulating pitch. The pitch 
is heated and is poured slowly to avoid blow holes and 
the cover of the box is nailed on while the pitch is still 
hot. Properly installed this type of box has proved very 
satisfactory and has the most excellent moisture resisting 
qualities. Many of these boxes after years of service 
have had the cables disconnected and careful tests showed 
not the slightest leak. 


Feeders 


In the original installation a feeder was used which 
was placed in the web of the rail from Sausalito to San 
Anselmo with the exception of the section through the 
Corte Madera tunnel. This feeder was a 13 in. alumi- 
num rod in 30 ft. lengths coupled together by compressed 
sleeve joints. At short intervals this rod was bent out- 
ward from the rail, a clamp with two copper cable wings 
was fastened to the rod and the ends of the cable soldered 
to the base of the rail, but it proved unsatisfactory. It 
was but a short time after its installation that the sleeve 
joints began to loosen up. To try and remedy this con- 
dition, the sleeve and rod were drilled through and 
aluminum pins driven in. These in time sheared off and 
then we were worse off than ever. 

It was interesting to ride on the rear of a train in the 
morning and spot the bad joints in this rod. Everything 
would be damp from the fog of the night before except 
the bad joints and they would be dry, due to the heating 
of the metal from poor contacts. It reached a point 
where you needed to count pretty fast to get them all. 
We used to wonder sometimes just how much of the 
company’s money we were spending to maintain those 
atittomatic driers. Our experiences with this rod were 
very interesting and our attempts to overcome the dif- 
ficulty instructive, but sad. At openings where the rod 
ended it was necessary to use a long brass sleeve for 
connection. The rod was soldered in one end of the sleeve, 
using only pure block tin. In the other end was soldered 
a short piece of copper cable, using half-and-half solder 
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and the cable soldered to the rail. This meant many ad- 
ditional and seemingly unnecessary joints, but it was the 
best and only satisfactory solution offered for handling 
the rod. We made an attempt to place copper jumpers 
around the joint in rod, along the rail, which appeared 
at first to be very successful. The jumpers were soldered 
directly to the rod on either side of the sleeves. There 
were about 75 of these joints put on in the section be- 
tween Alto and Almonte. Upon going out there four 
days later, we found all the jumpers on the ground, hay- 
ing fallen off of their own weight. Another attempt to 
solder aluminum proved futile. ; 

About five years ago, there came suddenly a demand 
for aluminum. Someone heard that we had this, took 
the whole lot off our hands and gave us one million cir- 
cular mil copper cable in its place foot for foot. The — 
change was made without expense to the railroad com- 
pany. This was a great relief to all of us, not only from 
a purely engineering standpoint but also in a financial 
way as well. We now have good connections to the rail 
and a good joint in our feeder every 1,000 ft. where be- 
fore we had a poor joint every 30 ft. 

Our method of carrying feeders is a great advantage 
in the third-rail construction, both mechanically and 


Soldering Bonds on the Running Rail. Third Rail Is Shown in 
Foreground 


financially. From Sausalito to Alto power house, a 
distance of 4%4 miles, we have two one million circular 
mil cables on each rail, or four cables in all, and the only 
additional expense for feeder support is the small iron 
clamp used to hold the cable in the web of the rail. 
There are at advantageous points switches so that the 
system can be sectionalized if necessary and in case of 
trouble one section be eliminated entirely. We also carry 
an overhead jumper on pole line over Corte Madera 
tunnel, and have switches installed. so that the tunnel 
section alone can be cut out without interference with 
any other section. 


Third Rail Protection 


At the stations in the double-track territory, there used 
to be a platform over both power rails. These center 
platforms have now all been discarded and platforms 
constructed on the outside. As a protection in lieu of 
the center platform there a wooden guard is placed over 
the power rail and a fence between them. This wooden 
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guard is a piece of 2 in. by 8 in. pine fastened to and 
supported by the power rail itself. This guard rail is 
used also in yards and other places where employees and 
others are liable to stumble over the power rail. 

The use of a third-rail system, of course, can only be 
justified where, like the Northwestern Pacific, the op- 
erations are entirely over private right-of-way. There 
have been several cases where people struck by a train 
have been thrown against the power rail and burned. 
There is but one case of human life lost that I can find, 
directly traceable to contact with the third-rail. 


Maintenance Costs 


There can be naturally not much argument as to main- 
tenance between the overhead trolley and the third-rail 
system. It will probably sound rather fishy to some trol- 
ley men to hear that for the past ten years our regular 
third-rail maintenance crew has not at any time exceeded 
five men. And these five men also find time to do part 
of the construction work of what extensions have been 
made during that time. 

Our maintenance costs after 13 years of service show 
the following averages: 


HOLL Gee as MeR ASN Se tvasts) Gio, Aisi sie God sos; wares eYocand Bape $87.00 per mile 
MSL ee GRRE Lets, oy EcAee © rays Ghehia vera saisay/el anes tele 6. oye 95.00 per mile 
NOUS Meester eth .o see sare/ artes Lae Gos, Gusts aval ose 145.00 per mile 


The differences in these costs do not reflect any change 
in the condition of the rails, but rather a decided change 
in labor and material cost. At present we are maintain- 
ing the entire system with a crew of five men, three of 
whom only devote one-half day to power rail work. This 
crew also does all track bonding. 


All Bonds Are Soldered 


The costs previously given take care of all track bond- 
ing. All joints on the running rail are bonded with a 
300,000 circular mil soldered bond with a “T” head, sol- 
dered directly to the rail. We admit that we are without 
doubt cranks on solder. All joints of whatever nature, 
bonds, feeder cable, cross cables, are soldered direct to 
the rail, using half-and-half solder. Our results from 
this operation are satisfactory and we make in our cable 
connections but one joint, where with the lug method 
there are two joints, one where the cable is soldered into 
the lug and another where the lug is bolted to the rail. 
This method gives a much better electrical connection 
between rail and copper cable. 

The gage of our rail is 2614 in. out from the gage line 
of track and top of power rail 6 in. above top of running 
rail. For total clearance we ask 12 in. above top of 
running rail, 22 in. out or more. This clears on all classes 
of equipment. Occasionally some large furniture car is 
sent on the road with unusually low truss rods, but this 
difficulty is overcome by observing the published clear- 
~ ances and also the alertness of car inspectors at Tiburon, 
where most of such equipment reaches our road. 


Effect of High Water 


One of the main difficulties is in the winter from high 
water. We have had several times when at certain points 
the water was up over the power rail, but it was fresh 
water and we were able to keep power on the rail and 
keep trains moving. When the extreme high tides come 
in the winter along the shores of Richardson Bay with 
a good southwester behind them and the salt water be- 
gins to get up around the power rail, why, then we quit. 
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This was particularly bad during one storm in the winter 
1918-1919, and our traffic out of Sausalito was stopped 
for about three hours. 


Chilean Railroad Electrification Program 


ARK first part of the Chilean State Railway to be 

electrified will include 116 miles of main line and 
144 miles of track. The contract for equipment, as an- 
nounced in the October, 1921, issue of the Railway Elec- 
trical Engineer, was awarded to the Westinghouse Electric 
International Company through its South American rep- 
resentatives, Errazuriz Simpson & Company, and amounts 
to a total of $7,000,000. This is the most important rail- 
road electrification undertaken in 1921 and is the largest 
single order for electric traction equipment ever received 
in this country. The equipment will be designed accord- 
ing to American standards. 

Chile is a long, narrow country located between the 
Andes mountains and the Pacific Ocean, on the west coast 
of South America. It is 2,629 miles long north and south, 
and varies from 100 to 250 miles in width. The extreme 
length of the country results in a variety of climatic con- 


ditions. However, in the section to be electrified at pres- 
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Map of the First Zone to Be Electrified on the Chilean State Rail- 
ways Showing Location of Substations 


ent, the variation between maximum and minimum tem- 
peratures conforms to normal conditions existing in the 
temperate zones, the maximum temperature in the shade 
in the summer being from 100 to 110 deg. F. and in the 
sun as high as 130 to 140 deg. F., while in the winter the 
temperature goes as low as 20 to 25 deg. F.. The rainfall 
in this district is relatively small. In the central and 
southern sections the Andes receive a heavy snowfall, 
making extensive water power available. 


Chilean Foreign Trade Over $450,000,000 


The chief products of Chile are minerals, agricultural 
products, live stock and lumber. Many of these products 
are exported and move north over the railroads. In re- 
turn, coal, merchandise, machinery and food products are 
imported and form the bulk of the southward railroad 
movement. In Chile the nitrate deposits in the north 
rank first among the mineral deposits, and supply 75 per 
cent of the exports. In 1913, 3,000,000 tons were ex- 
ported. Coal deposits ranked second to those of nitrates, 
but in spite of this fact, there is not enough coal to supply 
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the country, and considerable coal is imported. The pres- 
ent output of coal in Chile is 1,800,000 tons annually while 
the consumption is about 2,700,000 tons, the railroads 
using 550,000 tons. Copper is-also an important mineral 
deposit, between 4 and 5 per cent of the world’s supply 
coming from Chile. Iron, sulphur and gold are also 
mined. 

Other industries in Chile are farming and some fishing. 
The variety of climate permits the growth of a great di- 
versity of food plants, among which are tropical fruits, 
vegetables, and cereals, including wheat, barley, oats, rye, 
corn, beans, and peas. 

The United States exports a great variety of materials 
to Chile, and our imports from Chile are also extremely 
varied in character. These include such items as chem- 
icals, dyewoods, fertilizers, minerals, glue, india rubber, 
neat, tobacco leaf, wax and vegetables. In import trade 
to Chile the United States now ranks first and Great Brit- 
ain second. Published statistics of Chilean foreign trade 
for 1920 show imports of about $166,100,000 and exports 
of about $284,300,000, a total of about $450,400,000. The 
total wealth of Chile is estimated at $3,200,000,000, or 


almost $800 per capita. 


The Railroads of Chile 


The total railroad mileage of Chile is 5,200, of which 
about 30 per cent is privately owned mainly for mining 
and industrial enterprises. The remainder of the mileage 
is divided into two general classes, the broad gage lines 
and the narrow gage lines. The former extend south 
from Valparaiso by way of Santiago to Paerto Monitt, 
with numerous branches, while the latter comprise most 
of the northern roads with a few branch lines in the 
south, 

The conditions that arose during the recent world war 
brought very forcefully to the attention of the railroad 
management the necessity for electrifying the broad gage 
lines, especially the Valparaiso-Santiago line with the Los 
Andes branch, where traffic was rapidly approaching the 
track capacity. In addition, fuel costs were excessive 
while the almost limitless water power was going to waste. 

In 1918:a commission was appointed to study the prob- 
lem of electrifying the broad gage lines. This commis- 
sion, consisting of Rafel S. Edwards and Ricardo P. 
Solar, made a careful analysis of electrifications all over 
the world. Asa result of the possible economies shown 
in the report of this commission, it was decided imme- 
diately to electrify the broad gage lines beginning with the 
Valparaiso-Santiago and Los Andes branches, or the first 
zone. A loan of $10,500,000 for this purpose was au- 
thorized and was heavily over-subscribed a few hours 
after offering. 

The specifications called not only for locomotives to fit 
the traffic conditions but also for all substation, distribu- 
tion and overhead equipment, and for all construction 
work. 


Initial Electrification Will Include 144 Miles 


The initial electrification will: include 116 miles from 
Valparaiso to Santiago, and 28 miles from Las Vegas to 
Los Andes. Los Andes is the terminus of the Trans- 
andine Railroad, a narrow gage line, while the narrow 
gage Longitudinal Railroad runs north from Calera, an 
important station on the line to be electrified. The maxi- 
mum grade in this zone is 2.25 per cent, encountered in 
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approaching La Cumbre (the summit) from the west. 
The line contains a relatively large number of curves, the 
maximum being 10 deg. The track gage is 5 ft. 6 in. 
There are six tunnels on the main line, the longest, the 
San Pedro, being 1,600 ft. in length. Three of the tun- 
nels are located on the most severe grade approaching the 
summit. 

The 3,000-volt direct-current system was decided upon 
as best suited to the conditions. Hydro-electric power 
will be generated at the Maitines station of the Chilean 
Electric Tramway & Light Co., Ltd. This station is al- 
ready under construction and will utilize the waters of the 
Rio Colorado. The station will contain three 8,125 kilo- 
volt-ampere generators and will have an ultimate capacity 
of 30,000 kilowatts. This power will be transmitted 37 
miles to Santiago by twin circuit 110,000-volt transmis-— 
sion lines and will be generated at 50 cycles, 3-phase. 
These transmission lines will be connected at Santiago 
with the system fed by the Florida hydro-electric station 
and the Mapocho steam station, both of which were con- 
structed some years ago by the Germans and were de- 
signed for 50-cycle 3-phase power. The total capacity of 
the three generating stations at present proposed will be, 
when completed, approximately 120,000 kw. 


Substations Provide for Large Increase of Traffic 


The power supply will be distributed by five substations 
designed to handle a train movement that is approximately 
50 per cent greater than that existing in 1917, with a fur- 
ther provision for tripling the 1917 traffic demands, if nec- 
essary. Each station will initially contain two 2,000 kw. 
motor generator sets, each set consisting of a 2,800-hp. 
driving motor, and two 1,000-kw. 1,500 volt generators 
connected in series. These sets will be designed to with- 
stand a 200 per cent overload for five minutes without in- 
jury, and as an additional safeguard a flash suppressor 
will be included. . 

Substations 1 and 5 will receive power at 12,000 volts 
while 2, 3 and 4 will receive power. at 44,000 volts and 
power indicating and limiting equipment will be installed. 


Motive Power 


Thirty-nine electric locomotives are required for the 
initial electrification, including 6 express passenger, 11 
local passenger, 15 road freight and 7 switching locomo- 
tives. The main points of interest about these locomotives 
are given in the following table: . 


Max. 

Number speed, 

Weight, Leneth, Wheel of Total miles 

Type lecomctive tens ft. in. arrangement motors h. p. per hr. 

Express nassenger. 127 58 ft. 6in. 2-6-0—(-6-2 6 2,250 62% 

local passenger... 8&0 40 ft. 6in. 0-4-0—0-4-G 4 1,560 56 
Road freight...,.. 113 49 ft. 10 in. 0-6-0—0-6-0 6 1,680 40 
Switcher seein 65 40 ft. 0-4-0—0-4-0 4 480 34 


The express passenger and road freight locomotives will 
be equipped for regenerative braking. The service in 
which the local passenger locomotives will operate will not 
require or justify the regenerative braking feature. 

According to a statement issued by the Westinghouse 
International Company this contract includes only the first 
railroad zone of the electrification project which Chile has 
undertaken. 


There are 740,000 miles of railways in the world, of 
which 266,000 are in the United States, 220,000 in Europe, 
70,000 in Asia, 60,000 in South America, 30,000 in A frica, 
and 26,000 in Australia. 
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New Air Compressor Equipment on the C. & W. I. 


Modern Electrically Driven Plant Replaces Steam Operated Units 
and Effects Remarkable Economies’ 


UTOMATICALLY controlled, electrically driven, 
air compressor units and motor generator sets have 
been installed recently at the old electro-pneumatic 

interlocking plant on the Chicago & Western Indiana at 
21st street and Stewart avenue, Chicago. The new equip- 
ment completely replaces the old boiler and steam driven 
units. This interlocking situated at a junction of the 
Pennsylvania and Chicago & Alton, Illinois Central, Santa 
Fe and Chicago & Western Indiana was constructed in 
1893. Trains of the C. & E. L, Monon, Grand Trunk, 
Wabash, Frie and C. & O., also enter the Dearborn Street 
Station by way of this plant. As the old boilers were en- 


one of the generators in continuous operation. Three sta- 
tionary steam engineers and two firemen were employed 
for the operation of the plant and extra labor was required 
for the handling of the coal. The installation of the new 
equipment immediately dispensed with the service of 
these men. 


The New Air Compressor Units 
The air compressors are four cylinder single stage, 
Allis-Chalmers, Type A-D, 160 r.p.m. rated at 150 cu. ft. 
per minute. The compressor is directly connected by 
means of herring-bone gears to a 30-hp. three-phase, 220- 


interior of Compressor Room Showing Arrangement of Equipment 


tirely worn out a complete engineering study was made 
of the requirements with the result that electrically driven 


machinery was installed. 


Equipment of the Old Plant 


The equipment formerly in service at this point consisted 
of two 60-hp. fire-tube boilers, two Westinghouse 50-hp. 
high speed vertical engines, which were belt connected to 
two Westinghouse 115-volt generators and one 50-volt 
machine. There were two Norwalk 2-stage steam driven 
300 cu. ft. compressors. A 6-hp. New York Safety Com- 
pany steam engine was belted to a small d. c. generator 
for the operation of the electrical circuits on the inter- 
locking plant during the daytime. No storage battery was 
included in the old equipment, it being necessary to keep 


volt a. c. 1160 r.p.m. motor. The compressor and motor 
are complete as a unit and mounted on one base. Three 
complete units are installed in this plant, each unit being 
operated a month at a time in turn. Any combination of 
the three units may be arranged depending on the demand 
for air and the settings of the governors. 


Automatic Control Apparatus 


The air consumption of the interlocking plant depends 
considerably upon the temperature of the atmosphere and 
the number of leaks. At present the compressors are so 
arranged that they will cut in when the pressure is reduced 
to around 70 lb., and will stop when the pressure has been 
pumped up to approximately 95 lb. Under normal condi- 
tions one compressor will cut in about 12 times an hour 
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and will require approximately two minutes to pump the 
pressure from 70 Ib. to 95 Ib. 

Above each compressor connected in the air line is a 
Richards type initial and pressure unloader manufactured 
‘by the Yarnall-Waring Company. This device consists 
of piston valve control that can be adjusted to maintain 
the pressure within three pounds of a certain figure. A 
pressure reducing valve automatically maintains a: con- 
stant pressure on the pipe line and in order to prevent the 
motor cutting in and out more frequently the operating 
pressure limits are set at 70 and 95. This unloader also 
insures that the motor must necessarily start with no load. 
The valve in this apparatus controls the air which operates 
the gage type relay on the electric panel which controls 
the start and stop of the motor. 

The automatic control panel for the a. c. motors are 
furnished by the Cutler-Hammer Mfg. Company. The 
function of this apparatus is to prevent a rush of current 
when a motor is being started. The device operates by 
cutting out resistance on the rotor circuits as the speed 
of the motor increases. Referring to the illustration on 
the small relay shown at the right hand bottom of the 
panel is the device operated by the air. This small relay 
starts the operation of the main relays on the panel which 


Two Motor-Generator Sets Normally Used for Storage Battery 
Charging 


cut out the resistance in predetermined time depending 
upon the reduction of the current in the rotor. On ac- 
count of the fact that the pressure unloader installed in 
the air line, functions so that the air compressor starts 
under no load, these motors are normally started up 
under no load. Therefore, the operation of the automatic 
switches is practically simultaneous. The small control 
relay has a holding feature through auxiliary contacts of 
the main contactors which holds it in position. With the 
increased pressure at 95 Ib. the unloader functions and 
air operates the gage type control relay and cuts out the 
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motor. Each compressor unit is equipped with a Type 
K-20 oil switch with low voltage release and a time limit 
overland release. 


Switchboard Equipment 


Referring to the illustration of the switchboard the 
equipment may be described as follows: Mounted on 


the left hand section are two levers for the operation of 
a 4-pole double throw oil switch rated at 300 amperes, 
7,900 volts, which is mechanically connected and located 
in the transformer vault. 


The Commonwealth Edison 


A 6-HP. Kerosene Engine and 125 Volt D. C. Generator Com-. 
prises an Emergency Supply for Signal Lights in the Event of 
Other Power Failure 


supply is from two separate sources, each source being 
connected to one side of this switch. 

Beneath the switch levers is mounted a Bristol record- 
ing pressure gage, which is connected to the reservoir 
air line. The next section contains the 220 and 110 volt 
service switches, the motor switches and watt hour meters. 
The third section carries the various battery charging 
and low voltage d. c. generator equipment. A fourth 
section carries the emergency gasoline engine generator 
switches. 

The transformer equipment, which is located in a fire- 
proof vault at the rear of the switchboard, consists of 
three 37.5 kva. 3000-220 volt transformers for the op- 
eration of the motors and a 4 kva. 3000 to 110 volt trans- 
former for the lighting load. 


The Battery Charging Equipment 


Normally floating across the battery is a General Elec- 
tric Type MIC-0.6 kva. motor-generator set. This ma-. 
chine is rated at 20 amperes, at 30 volts d. c. and 220 
volts 3 phase a. c. This machine normally charges the 
battery at 10 amperes at 23.5 volts continuously. Held in 
reserve for battery charging’ is another motor generator 
set of 60 amperes capacity at 37.5 volts, d. c., operated 
by a direct connected 5 hp., 220 volts, 3-phase ‘motor. 

As an emergency supply for the signal lights in case 
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the public utility power is cut off, there is supplied a 125- 
volt, 28 amp. 3.5 kw. Fairbanks Morse d. c. generator. 
This generator is belt connected to a 6 hp. kerosene en- 
gine. The engine may also be connected to a driven bi- 
polar d. c. generator rated at 30 amp. at 50 volts, for 
charging the storage batteries. This kerosene engine is 
further utilized by being belt connected to a line shaft 


operating the drill press and the lathe of the old equip- 


ment in the shop. 

The storage battery equipment consists of 11 cells. 
Composition jars and covers are used and the entire bat- 
tery equipment is enclosed in four wooden trays or boxes. 


Air Supply 


A 10-in. vitrified clay sewer tile was laid beneath the 
floor and connected to the compressor intakes. This 


The Four-Panel Switchboard Showing the Type and Arrangement 
of Apparatus 


10-in. sewer tile extends to the outside of the building 
and up the wall about 10 ft. and is encased in concrete. 
The upper end of the 10-in. tile is covered with one length 
of 15-in. tile with a cap over its upper end so arranged 
that the air must necessarily come up through the 15-in. 
tile and down into the 10-in. tile. This arrangement pre- 
vents the entrance of any dirt or cinders and provides an 
unrestricted passage for the air. 

From the compressor the air passes to an after cooler 
rated at 48 sq. ft. of cooling surface located in the corner 
of the building. This cooler contains 16 tubes through 
which the water is circulated. This device cleans prac- 
tically all the water and oil out of the air. The air passes 


ELECTRICAL ENGINEER 


465 


on through a system of 34-in. pipes which further cools 
the air, and on down through a 36 in. x 96 in. reservoir 
and to the reducing valve. This reducing valve auto- 
matically holds the pressure at 70 lb. which is carried on 
the main line to the various functions of the interlocking 
plant. 


Water Cooling System 


In order to be independent of a shut down of the city 
water supply a separate cooling system is provided for 
the circulating water used for the after cooler, the com- 
pressors, and the gasoline engine. One of the old boilers 
is used as a cooling tank. This boiler has 48 4-in. flues 
and is 60 in. in diameter and 17 ft. high. This boiler 
is placed on end and held in position by means of rails 
set in concrete. Air circulating around this boiler and 
through the flues proved to be more than sufficient for 
the cooling of all the water required. It has been found 
that after a short time all of the sediment and chemicals 
are deposited from the water and further cleaning is not 
necessary as would be the case were city water used 
directly. 

The entire plant was built with the idea of insuring 
continuity of service. Providing both supplies of electric 
power are cut off, air can be brought to this plant by.a 
separate air line fron’ another interlocking. Providing 
that power is always available on one of the two sources 
it is fair to assume that one or more of the compressors 
will always be ready for service. Two motor generator 
sets are provided for charging storage battery and in 
case these are both out of order the battery may be 
charged by the gasoline engine generator, 

The cost of current for the operation of this plant for 
one day is approximately $8, which is about one-half of 
the cost of the coal alone for the same day under the old 
scheme of operation. It was estimated that the saving 
produced by the installation of this new machinery will 
easily pay for the equipment within a period of three 
years 

The entire installation of this new equipment including 
the installation and testing of all machinery, wiring and 
air pipes was handled by the forces of the Chicago & 
Western Indiana. 
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An Old B. & M. Locomotive with Polygonal Faced Driving Wheels 
Designed to Increase Adhesion (now Converted into Standard 
Eight-Wheel Passenger Locomotive) 
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Enginehouse Lighting on the Rock Island 


LL conduit below the gas line and a row of overhead 
lights between stalls are the features which char- 
acterize enginehouse lighting on the Rock Island. The 
standard method of wiring used consists of running the 


Section of Wiring System Used, Showing Supporting Messenger, 
One Lighting Unit and Set of Extension Outlets 


conductor wires in rigid metal conduit which is suspended 
from cables stretched below the gas line. The support- 
ing cable or messenger consists of a 3g-in., 7-strand gal- 
vanized steel cable which is stretched from the inner to 
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the outer walls between each stall at a height of from 12 
to 14 ft. from the floor. The conduit is clamped to the 
messenger cable at intervals by an iron pipe strap se- 
cured with a 3/16-in. stove bolt. The conduit which is 
suspended directly from the messenger cable is 34-in., 
and 14-in. conduit is used between this and the extension 
outlets mounted on the supporting columns. 


In the conduit No. 12 B. & S., solid copper single 
strand, 3/64-in. rubber insulated wire is used, and twisted 
pair No. 14 B. & S., 26-strand brewery cord with single 
braid, and 2/64-in. rubber insulation is used for the drops. 
The drops are brought out of the overhead conduit 
through “J. & K.” condulets. The connections are made 
in the condulet, after which the conduit is filled with 
Chatterton compound. The compound makes the conduit 
practically gas tight. A spring type weatherproof lamp 
socket is used at the end of each drop. For the average 
roundhouse, four 60-watt lamps are used for each stall. 


A set of four Hubbell, 20-ampere extension receptacles 
are mounted on the middle post of every other stall. The 
extension circuits are energized at all times. 


The lights and extension outlets in an enginehouse sec- 
tion, usually consisting of 10 stalls, are fed from one dis- 
tribution box which contains the cutouts and switches. 
Not more than 12 lamp outlets are allowed per circuit 
and the wiring is so arranged that the lighting of a sec- 
tion is controlled by two double pole knife switches. This 
method of enginehouse wiring and lighting has been in 
use on the system for several years and the estimated 
life of an installation is 10 years. 


After stainless steel had been successfully manufac- 
tured, it was found that stainless iron could be produced 
by much the same process, with the exception that a 
smaller quantity of carbon-free ferrochrome was re- 
quired. Stainless iron has been already largely used in 
the Sheffield cutlery trade and in the fittings of motor 
cars. Another important development in contemplation 
is the use of stainless iron for the furnishing of railway 
carriages, engines, and rolling stock generally. It is also 
proposed that it should replace brass for door handles, 
brackets, and many other fittings. As might be expected, 
the manufacture of stainless iron and steel is already be- 
ing rapidly taken up by our American manufacturers. 
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Railroad Yards at Toledo, Ohio 


Metallic Arc Welding of Manganese Steel’ 


Peculiar Metallurgical Characteristics Which Must Be Taken 
Into Consideration to Secure Best Results 


S actually made, manganese steel contains about 12 
per cent of manganese and 1.25 per cent of carbon. 
The presence of 1.50 per cent of manganese makes 
steel relatively brittle and a further addition at first in- 
creases this brittleness, so that steel containing between 
4 and 5.5 per cent can be pulverized under the hammer. 
A still further increase, however, gives it great ductility, 
accompanied by great “tough hardness”—a combination 
of properties which was not possessed by any other known 
substance when this remarkable alloy, known as Had- 
field’s manganese steel, was discovered. Its “tough 
hardness,” to which it owes its value, is profoundly af- 
fected by the rate of cooling. Sudden cooling makes the 
metal extremely hard and ductile; slow cooling makes it 
brittle. Its behavior in this respect is thus opposite to 
that of carbon steel. High manganese steel is used exten- 
sively for objects which require both hardness and duc- 
tility. Its remarkable toughness, resistance to shock and 
abrasive action make it ideal for rock-crushing machinery, 
railway crossings, mine car wheels, tractor parts, etc. As 
no process softens manganese steel it must be cut to shape 
with emery wheels instead of the usual steel cutting tools. 
It may also be cut with the oxy-acetylene torch. 

The extreme brittleness noticeable with steel containing 
manganese between 4 per cent and 5.5 per cent disappears 
in steel exceeding about 7.5 per cent manganese, as will 
later be shown by the physical qualities with respect to 
the manganese and carbon content. 

A non-magnetic characteristic is noticeable around 8 
per cent manganese, and at 12 per cent manganese is 
practically non-magnetic. As it is extremely difficult to 
cold work manganese steel, manganese wire is drawn only 
by very special methods. 

Manganese steel is a very poor conductor of heat, it 
having a relative conductivity of only 2.31 (copper 100 
per cent), or 75 michrons per cu. centimeter at 15 deg. C. 
This is about one-seventh the conductivity of iron wire. 

The following table shows the effect of varying quan- 
tities of manganese and carbon on the physical quality of 
the product, and will serve as a guide as to its limita- 
tions in this respect. The tests were made on forged 
manganese treated as indicated. 

TABLE OF TESTS} 


Tensile of Elon- 
breaking gation 


Test Car tons per percent 
No. bon Mang. Treatment sq. in. 8 ins. Appearance of Fracture 
1 52 6.95 Cooled in air. 
from white heat. 21.07 1.50 Coarse and granular. 
Bee 52 6,95 Cooled in oil 
from white heat. 18.76 2.34 Very coarse and 
bright. 
3. .52 6:95. Cooled in water 
from white heat. 23.25 1.56 Coarse and granular. 
4 .50 7.90 Heated as abcve 
cooled in air 28.35 7.81 Coarse and granular. 
5 .50 ~ 7.90 Cooled in oil. 29.61 7.03 Coarse and granular. 
6 .61-. 9.37 Cooled in oil. 38.20 14.84 - Coarse and granular. 
7 .61 9.37 Cooled in water. 38.87 14.84 Finer. 
8 .95 10.11. Cooled. in. air, 39.29 . 14.06. Coarse and granular. 
B95 1011. Cooled in oil, 41.00 19.53 Coarse and granular. 
10 .72 10.83 Cooled in water. 47.53 22.0 
to to 
53.14 28.9- -Coarse and granular. 


eee SS ee ee ee ee ee ee 
“Paper presented before the Chicago section of the American Welding 

Society, by H. R. Pennington, supervisor of electrical equipment and weld. 
ing, Chicage, Rock Island & Pacific Railroad. 


11.85. «12.29 Cooled in water. 55.12 35.9 
to to 
64.84 - 45.31. Coarse and granular. 
12” 585° 12:29 Cooled in air: 39534) = 23.5 Fibrous. 
13 1.40 12.60 Cooled in water 53.91 27,34 Fibrous. 
14. =.85 =13.75 Cooled in water. 60.60 47.6 Fibrous. 
15.85 =14:01 Cooled in water. 67.13 44.44 Fibrous. 
16 1.55 14.16 Cooled in water. 44.84 14.06 Carbon too high. 
17 1.1 14.48 Cooled in water: 63.36 37.5 Carbon too high. 
18 1.54 18.4 Cooled in water. 53.24 10.1 Carbon too high. 


_itInstitute of Civil Engineers, Minutes of 


Proceedings, 
NCE 


1887-1888, Vol. 


These tests, although made several years ago in 
England by Sir Robert Hadfield, show a number of in- 
teresting results, especially from a welding point of view. 
For example, the beneficial effect of sudden cooling in 
cold water is clearly shown as indicated by tests Nos. 9, 
10, 11, and d2: 

Tests Nos. 4, 5 and 6 show approximately the mini- 
mum amount of manganese and carbon above the amounts 
present in the usual manganese steel from which any bene- 
ficial effect is noticeable. The quality increases with in- 
crease of carbon and manganese up to about 1.00 per cent 
carbon and 12 to 13 per cent manganese, as shown by 
tests Nos. 11, 13, 14 and 15... Test No. 16 shows the bad 
effect of an excess of carbon content. 

The beneficial effect of sudden cooling, as well as the 
good physical qualities which may be obtained within a 
fairly wide range of carbon and manganese between the 
maximum and minimum limits is reassuring, especially as 
regards sudden cooling, as this feature is greatly facili- 
tated by arc welding, which permits cooling as frequently 
as necessary with but little interference with the welding 
operation. By use of a proper protective coating on the 
electrode, sufficient carbon and manganese will be retained 
in the weld or “arc deposited metal” to insure being within 
the desired limits, as will later be shown. 

Chemically the usual cast manganese steel has about the 
following composition : 


Percent 
CEES OL ae Stcce Gray GATOS RECHT BORE IRS SPE cn tS Ee ee 1.25 
SiCOM Ra streets ne itl ae oo eer eros Bis oe dosein es Aes 0.30 
Mian g aneSeRmemmrnci eit claiveciay cictee Omen era eee tira: Hane ht a 12.30 
Sulphitewlessmthariwenpiin. piers wey geet Ree eat tT ote 0.02 
EOS pO MUs mere r ect ii eee re Ey ook 0.08 


The average of a number of physical tests of cast man- 
ganese steel of the above analysis shows the following 
results : 


Tensile Lbs. Elastic Limit— Elongation Per Cent Reduction of 
Per Sq. 1n. Lbs. Per Sq. In. in 2 In. Area, Per Cent 
108,460 53,396 33.01 38.56 


By the Brinell test, manganese steel toughened or un- 
toughened, shows the moderate average hardness number 
of about 200. The extreme outer surface of the treated 
steel shows a slightly lower number—that at a depth of 
about 14 in., from which point the number remains con- 
stant. The lowering of the hardness number at the sur- 
face is due to the oxidation of the carbon during the heat 
treatment. 

The chemical composition and physical properties of the 
manganese rods and wire used for welding are as follows: 


Chemical—-~* : 
MAN Sam CRE te oe ae cn sige stonne trantasclactay wae, “utr or cal ERED 
WAL DOM meen ee Acconci o/b SOR tide ROR RR Oe ee ee he niet 1:00 to 1.30% 
SIC Otten tapey oo, iu, Hise anh bcee a hihi eia Ele Rely Ride EEE) sone a 0.10 to.0.20% 
PAIOS DMO GUGM RS erate tt ees s ee eae Ga SE, ern eae 0.05 to 0.09% 
SNE DUE mata S ere os iccrs Vtcicata. cite etete Grane aay Pes dee icinua Re 0.01 to 0.03% 
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Test: Rolled and Forged— 
Witimates tensile wmstrenouhn +. .-cemne eet ie reer 140,00 to 160,000 lbs. 
Elastic Emit cs ne TRS OPO OIC oS 60,000 to 75,000 Ibs. 
PON gation = telea instars «bis eee oeetat esteem rercrere eater 35% to 50% 
Shearing strength verge cactenmiarolone tietrie oitelaeesra noes caters 100,000 to 110,000 Ibs, 


Cold Drawn Wire—- 
Test on %-in. Drawn Manganese Steel Wire. 
Wire not heat treated after last draw. 


Ultimate tensile strength per sq: inch.0.0...<.....05 193,000 lbs. 
Elastic limit “per ‘sq. “inchio. cee eee ete 135,000 Ibs. (70%) 
Hlancation: cic srcrsenis celcuseae cetacean ratteccis aye, ereenete pue in 8-in. 
Bonds)”. eradce nl cata shetenies eee i ao RIOR LER NT ‘ 

TeOrStOnS, ss vcetiskinscrerote se eeaeen era erie cioteraei se elisie ae 18 to 8-in, 


The beneficial effect of the cold working incidental to 
drawing to wire form is very marked, particularly the 
tensile strength and elastic limit. In the same way it is 
believed that the metal added by welding to a crossing or 
frog is improved in the early period of service, due to the 
constant rolling effect of the passing traffic. 

The following test shows the average percentage less 
of carbon and manganese for a Wanamaker Coated Elec- 
trode No. 9 when fused by the metallic arc process and 
deposited on a carbon steel rail. 


ANALYSIS OF WIRE BEFORE WELDING 


Carboti sancieiadcatece hose andl otis siete tore Re ee ae oie ee ee 0.99% 
Sulphur. os swietes aot core cree ae ee Ree oe cinerea tenes ea nee 0.022% 
Phospltortis? = acters ae eel eerie ee eee 0.043 % 
Manganese: )5 7; Scie ca sctneeusrn ee ee ete ae ee cat echt MRO oi ors 


ANALYSIS OF DEPOSIT ON RAIL MADE FROM ABOVE WIRE 


Carbori, odie cts sro 5 a era ens Oe ea cic ee 0.71% 
Sulphir, “aise wels sae ceo neha ee ttre cee Re ene ion eae 0.018% 
Phosnhorus: st.sttescie 3 eens oe aie eee ae 0.061% 
Man Gan €S6’ © ay sencucis men oo oe be ea trae RE PAIe eer ee aigy Senecio 10.19% 


The following tests were made to show the effect of 
polarity and the influence of the bare metal on the com- 
position of the deposit, the deposit being made on a piece 


of mild steel 5¢-in. boiler plate: 


Wire Electrode Neg. Electrode Pos. 


Electrode Deposit Deposit 
Carbon)” Fx mcci ateraerner nec nores 685 63 .83 
Manganese: 2) =40- eee aeee HAZ 8.11 8.11 
Phosphoris: Aiwuiec aoe 5 are 0.034 0.032 
Sulphtir Me: eben cence 0.010 6.012 
Silicon ©. of. cesar steree seat ee ae ee 


A greater loss of manganese is shown by the deposit on 
the mild steel plate over that obtained on a carbon steel 
rail. Concerning the effect of polarity, a greater loss of 
carbon is shown when using electrode negative than that 
obtained with the electrode positive. The usual practice 
is to use an electrode-positive polarity for manganese 
electrode material. 

In the cast state, manganese steel is composed princi- 
pally of austenite and free cementite, austenite being a 
solution of iron, manganese, and the carbide of iron and 
manganese, while free cementite is composed of the car- 
bides of iron and manganese which remain undivided. 
Free cementite is hard and brittle, therefore manganese 
steel is also brittle in the untreated cast condition. When, 
however, it is water toughened, the free cementite is dis- 
solved and the cast manganese becomes austenite, which 
is ductile. In the process of toughening it is quenched 
from 1,800 deg. F. in cold water. 

The proper temperature from which arc deposited man- 
ganese steel should be quenched is a point which has been 
questioned by some investigators. Some tests have shown 
a falling off in tensile properties and elongation on quench- 
ing from a temperature in excess of 1,800 deg. F. The 
following tests made on 3£-in. diameter round bars heated 
to the temperature given for one hour, and quenched in 
water, tends to confirm this belief. The duration of heat- 
ing, however, has almost as important an effect as the 
temperature itself. 
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**Heated 1 Hr, Elongation Breaking Strain 
at Per Cent Lbs. Per Sq. In. 
800° F, 56.5 133,400 
2100° F. 35.7 93,200 


*“American Institute of Mining Engineers, Vol. L., 1914. 


Another test made on the same material by heating test 
pieces to the temperature shown for only five minutes, 
shows a considerable less lowering of the tensile and elon- 
gation properties, as indicated below. 

Heated Vive 


Elongation Breaking Strain 


Minutes at Per Cent Lbs. Per Sq. In. 
1800° F. 56.4 142,450 
2066° F 34.4 124,780 


In this case the higher temperature did not affect the 
elongation and tensile strength nearly as much as when 
heated at the higher temperature for a period of one hour. 
The short time at the maximum temperature apparently 
did not give the steel quite enough time ‘to come fully to. 
equilibrium. In consequence, the structure of the test 
bars was not greatly altered from that which existed prior 
to the heat treatment. All test bars when quenched from 
the heat of rolling showed the following properties, with- 
out further heat treatment: 

Elongation ; 


Per Cent 
Dos: 


Breaking Strain 
Lbs. Per Sq. In. 

157,250 

In the process of welding, the time period for the heat- 
ing and cooling cycle is a matter of seconds due to inter- 
mittent cooling of parent metal with cold water. For this 
reason the physical properties of the arc fused metal al- 
though cooled from the melting point 2,507 deg. F. to 
2,462 deg. F. would not be injured in any way compar- 
able to that where the metal has been heated for a 
comparatively long period. 

The same lowering of tensile strength and elongation is 
shown when manganese steel is drawn or quenched from 
some lower temperature points than the established prac- 
tice 1,800 deg. F. and when the usual method of heating 
is employed. In the case of arc welding, however, the 
metal adjacent to the arc deposited metal cooled from 
these lower temperatures is not thought to be injured for 
the same reason as in the case of cooling from extremely 
high temperatures, i. e., the rapid heating and cooling in- 
cidental to arc welding would not give ample time for 
normal structural changes to occur. 


Metallic Arc Welding of Manganese Steel 


So far as known, the commercial welding of manganese 
steel up to the present time was accomplished only by the 
metallic arc process with coated manganese electrode ma- 
terial and by water toughening the added metal, the metal-. 
lic arc form of autogenous welding being particularly 
adapted to the welding of metal of this character, since 
it is about the only form of autogenous welding which 
permits, without difficulty, the water toughening treatment 
of the added metal. . 

The normal water toughening treatment amounts to 
raising the temperature of the metal until the desired 
structure is produced, and fixing it at that point by an 
increase of the normal cooling rate. Likewise, in the case 
of welding manganese, the metal heated to a high tempera- 
ture by the welding operation is suddenly cooled from a 
temperature as near equal to that for the desired structure 
as is possible. 


Electrode Material 


The use of a protective coating of the proper character 
on the electrode material is necessary to prevent vaporiza- 
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tion of the manganese and carbon constituents due to 
combustion, Supported by the oxygen of the atmosphere. 
The function of the coating is to envelop the metal in 
fusion with a thin slag Alms confine the arc gases and 
exclude to a great extent the atmospheric gases. 

The coated manganese steel electrode material is fur- 
nished in the following standard sizes: 


Diameter Length 
¥Y-inch drawn 14 inches 
gz-inch drawn 14 inches 
ys-inch rolled 14 inches 
Y%4-inch rolled 14 inches 


The size most generally used for track work is 3-16 in. 
and %4-in. The 3-16-in. size seems better adapted for 
general work, especially where 200 ampere welding units 
are used. 

The approximate are current and voltage values for 
manganese electrode material are as follows: 


Approx, Approx 

Diameter Current Voltage 
Electrode Arc Arc 
l-inch 100-120 20-25 
te -inch 150-170 22-28 
4,-inch 175-200 25-30 
1% -inch 225-275 25-30 


The are length should be maintained as short as-con- 
sistent for a uniform flow of metal about 3-16 in. If with 
this arc length the metal does not flow smoothly, it is 
likely that the are current value is too low. 

Polarity 

In practice it is found that an electrode-positive polarity 
gives a better welding characteristic and that the loss of 
carbon and manganese is less. For this reason where di- 
rect current is used, the electrode is made the positive and 
the work piece the negative. 


Arc Manipulation 

When welding with manganese steel on either man- 
ganese or high carbon steel, it is found advisable to form 
a rather wide deposit by a slight oscillation of the elec- 
trode, to give a deposit approximately double the width 
of that obtained by drawing the electrode along a straight 
line. By this aos AIOE the deposited Pee ie is kept in 
a molten condition for a slightly longer period, allowing 
time for the escape of any gas which may be included in 
the deposit, and thus preventing the formation of blow 
holes. 
Water Toughening 

To prevent the formation of a brittle structure, the 
work piece including the weld area is kept cool by quench- 
ing with cold water immediately after each electrode is 
used and more often on light sections where the part tends 
to become too hot, or at any time the welding is inter- 
rupted. The result to be accomplished is to keep the 
work piece cool enough to exercise constantly a quench- 
ing action on the deposited metal. Unless the cooling by 
water is frequent, the rate of cooling will be variable with 
a corresponding difference in physical character of the 
added metal. 

In track work the cooling is accomplished by directing 
a small stream of water directly on the previously de- 
posited metal until the heat retained in the part will just 
dry or vaporize the water. Before the welding is again 
continued, the surface where the arc is to be established 


must be dry, otherwise difficulty will be experienced in. 


establishing the arc. It is desirable to wipe the surface 
dry with a piece of waste when necessary before starting 
the arc. 
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Welding Procedure 

When building up track parts, such as frogs and cross- 
ings, it is advisable to apply each deposit diagonally to 
the direction of the traffic, and terminate the weld on a 
bias, the point of the bias being on the flange side of rail, 
as shown by the accompanying sketch. This procedure is 
thought to be the best practice in order to minimize the 
effect of construction and possible structural disturbance 
on the parent metal from the heat of the welding 
operation. 

To avoid roughness or overrunning of the added metal 
at the flange side of the rail and on both sides of points, 
a piece of fire brick or carbon block should be set in the 
flange groove so as to project up and form a wall for the 
added metal to flow against. The use of fire brick or 
carbon blocks for making forms at the extreme points 
and edges will greatly facilitate the welding and result in 
better and more uniform work. 

Where welding is done out in the open, a small shield 
8 or 10 in. high should be set up to shield the are 
from the eyes of observers and from air drafts, especially 
on windy days. Unless the are is protected from air 
drafts, welding will be very difficult and an unnecessary 
loss of carbon and manganese will result. 


Finishing 


If desired, the weld may be finished by grinding to 
allow a smooth approach for the wheel and prevent im- 
pact at the junction of the weld. However, if pains are 
taken by the operator to make as smooth a weld as possi- 
ble, grinding is not considered absolutely necessary. The 
natural flowing characteristic of manganese steel will in 
a short time result in the weld becoming quite smooth. 
The operator should not only endeavor to make a smooth 
weld but should also use care to see that the top of the 
weld is level with other parts of the track work, being 
particular to avoid sharp humps or low spots. 

The records of a number of applications which have 
been made in both steam railroad and street railway 
tracks, seems to have little doubt as to the commercial 
success of arc welding manganese steel. On a service 
cost basis, the service already obtained from welded cross- 
ings is such as to insure the permanency of the process. 


Increasing Welding Speed 


One of the most important questions facing the advo- 
cates of fusing welding is that of finding methods of 
increasing the speed of arc welding. The possibilities in 
this direction will be pointed out in this paper, and it is 
hoped that this introduction of the subject will result in 
some constructive discussion. | 

Welding speed on a given section is fundamentally dé- 
pendent upon the rate of metal deposition and the amount 
of metal required to effect the jointure. 

The first factor—rate of metal deposition—varies with 
the energy required to liquefy the electrode material, are 
stability, current density, etc. The amount of metal which 
must be applied obviously depends upon the type of joint 
and opening necessary to effect fusion between the edges 
or members to be joined. 

The size electrode and arc current value that can be 
used, seem to be limited only by the thermal capacity of 
the base metal or joint. That is, the heat or are current 
and electrode diameter can be increased until the molten 
metal of the weld area becomes difficult to control, or 
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until the effects of expansion and contraction becomes an 
obstacle, and both these are governed largely by the 
thermal capacity of the joint. 

One of the principal obstacles encountered in the past 
on attempting to use large diameter electrodes, was the 
poor welding qualities of such materials. With ordinary 
large diameter bare electrodes, a violent sputting arc 
throwing out metal in all directions is a common occur- 
rence at arc current values exceeding 200 amperes, and 
at 300 amperes the disturbances render the are control 
very difficult and extremely uncomfortable. 

No doubt one reason for this is the fact that the bene- 
ficial effect to the welding characteristic incident to draw- 
ing of electrodes in wire form are not present to the same 
extent in large diameter electrodes or what would com- 
monly be classed as rods. These’ disturbances and poor 
welding characteristics of large electrodes generally re- 
sulted in inadequate penetration and un-uniform fusion. 

If the electrodes are coated, a quite stable arc will be 
secured, permitting welding with metallic arc up to 500 
amperes, with adequate penetration, uniform fusion and 
with a considerably lower electrode current density than 
that required for bare wire. 

As a working basis for comparison, the rate of deposi- 
tion for the usual size bare electrode and that of Y-in. 
coated, both of mild steel grade on %4-in. plate wire, were 
determined with the following results: 


Lbs. of 
Lbs. Elec. Ft. Per Hr. Elec. Per Elec. 
Arc Consumed Single Fillet Ft. of Current 
Elec. Dia. Amps. Per Hour Lap Weld Fillet Density 
az in. bare 150 Ps) 6.8 0.33 7850 
14 in. bare 300 Hei 10.4 0.74 6220 
Yq in. coated 300 8.09 18.6 0.43 6220 


It will be noted that the increased speed of \Y-in. bare 
over 5/32-in. bare is not in proportion to the increased 
arc current. The increased pounds of electrode material 
per foot of fillet is due to the excessive amount of metal 
loss in passing through the arc. 

The lower speed and rate of deposition of the Y4-in. 
bare as compared to %-in. coated is due to the difficulty 
of controlling a high current arc when using bare elec- 
trodes. Despite the greater amount of metal deposited, 
high current welding resulted in over a 100 per cent in- 
crease speed of welding of a single fillet lap joint. 

These figures were obtained under ideal conditions and 
could not be equaled in commercial practice, as further 
tests have proven. However, the relative speed between 
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small diameter bare electrodes and large %-in. coated 
electrodes with high arc current will remain practically 
the same. An additional factor to consider in using large 
electrodes is the fact that the time required to consume 
a large electrode is greater than that for a small one, and 
therefore the percentage of welding time is actually in- 
creased. This load cycle should be given consideration 
when determining the capacity and basis of ratings of 
welding units for large electrode welding. 

Experiments with high currents and large electrodes 
with exceptional penetration qualities, indicate that the 
speed of butt welding can be increased by 100 per cent 
over present practice, especially since by using deep pene- 
tration electrodes the amount of scarfing necessary would 
be greatly reduced, if not eliminated, on plate thicknesses 
up to 3 in. A reduction in the amount of scarfing is also 
desirable where high arc currents are used, in order to - 
increase the thermal capacity of the joint. 

The lap joint offers greater advantages, however, for 
large electrode welding than the butt joint, as the lap 
joint possesses inherently the requisite high thermal ca- 
pacity and therefore permits a high energy concentration 
with an attendant high rate of fusion and deposition. In 
addition, lap joints with double fillet will permit of 100 
per cent weld strength being secured without difficulty. 

A recent check on pounds of metal consumed per hour, 
using }4-in. mild steel coated electrodes with 240 amp. 
arc current, showed the rate of deposition to be 6 Ib. per 
hour. These figures were obtained from actual shop prac- 
tice on locomotive frame welding and include time for 
considerable cleaning necessitated by applying successive 
layers in a vertical position. 

From the foregoing it is clear that the limit of speed 
and rate of metal deposition has by no means been at- 
tained in present-day practice, but in order to permit the 
use of higher arc currents, the electrical resistance of the 
electrodes must be decreased by an increase of electrode 
area. Otherwise, difficulty of arc control will be experi- 
enced, due to overheating of electrode. 

Attention has been drawn to the possibilities in this - 
direction in order that those contemplating the adoption or 
extension of are welding may give consideration to high 
arc current welding, which from present indications will 
be increased to at least 300 amperes for a great majority 
of the work now done, with arc current values not ex- 
ceeding 200 amperes. 


An Aerial View of the Yards at Cologne, Built During the War 


Electric Features of New I. C. Coaches 


Provision Made for Future Electrical Propulsion; Door Operating 
Mechanism and Starting Signals Unique Features 


HE Illinois Central has recently placed in service in 
its Chicago district 20 new steel suburban coaches. 
These cars will be used in steam service until the 
terminal is electrified, but they are so designed that they 
may be equipped with motors and multiple unit control 
apparatus. The hand brakes are placed on the left side 
of the vestibule platform leaving the right hand space 
available for the installation of controllers, air brake 
equipment, gages, etc. When the electrification is com- 
pleted, the steam heating apparatus will be removed from 
these cars and electric heaters substituted. Electricity for 
lighting will then be obtained from the power source. 
As a means of providing electric lighting, until the 
electrical propulsion is begun, a complete axle lighting 
system with batteries and control apparatus has been 
installed. The control panel, and ampere hour meter are 
mounted in separate steel cabinets under each car. These 
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net beneath the car body. The cabinet has two hinged 
doors that are padlocked, keys for which are furnished to 
employees of the electrical department only. 

An ampere-hour meter, rated at 60 amperes, 500 ampere 
hours is mounted in a separate steel cabinet beneath the 
car. This cabinet is provided with a glass front. 

Twenty-four cells of Edison type A-6-H battery, as- 
sembled in six trays of four cells each, constitute the bat- 
tery equipment for each car. A charging receptacle is 
mounted on each side of the car. A cast iron fuse box, 
provided with a hinged cover and winged nut hasp, is 
mounted on each end of the battery compartment. 

All wiring is placed in conduit and Pullman standard 
castiron junction boxes are used throughout. All of the 
wiring is according to the standard sizes as required by 
the American Railway Association specifications. 

Fourteen, 20-watt, 28 to 32-volts lamps are provided 
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Diagram Showing Principal 


cabinets, like the battery compartments, may be removed 
from the car when changes are made, without disturb- 
ing the other equipment. There is no train line or pro- 
vision made for the inter-connection of the lighting equip-. 
“ment between the adjacent cars. 

The generator is a 2 kw., 50 ampere, 32 volt machine 
of the body hung type. As these cars are used ex- 
clusively for suburban service it was considered neces- 
sary that the generators be so adjusted to give full load 
at the low speed of 16 mi. per hour. During the time 
these cars have been in service it has been shown that 
this low adjustment is not required in summer as the 
battery has been receiving more charge than is necessary. 
The axle pulley has a 10 in. face and a 2 in. flaring flange. 

The regulator panel is mounted in a separate steel cabi- 
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Dimensions 


for each side of the car and one lamp is mounted on each 
side of both vestibules. The fixtures mounted on the 
edge of the monitor deck are provided with the Soudan 
style of moulded glass reflectors. The lamps are arranged 
on four separate circuits which are controlled by snap 
switches mounted in a small cabinet, which is recessed in 
the end of the car and which is accessible from the 
vestibule. 


The Door Operating Mechanism 


The vestibule side doors are operated by air engines, 
electrically controlled. A separate 34-inch air line runs 
through the train and is connected into the main air 
reservoir on the locomotive. No signal air line is used 
in the train. There is a reservoir on each end of every 
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car which stores up enough air to operate the doors ten 
or twelve times after the locomotive is cut off. 

One air engine is provided for the operation of each of 
the four deers on the car. This mechanism is located 
under the end seat. The admission of air to the operat- 


ing cylinder is controlled by valves operated by electric 
solenoids which are wound for 30 volts operation.. Cur- 
rent for these valves is taken directly from the car light- 
ing battery through a pair of fuses which are mounted in 


Interior of Coach Showing Arrangement of Lighting Fixtures 


the lighting switch cabinet in vestibule at the end of 
the car. The valves are directly controlled by double 
lever switches which are mounted in castiron boxes at 
each side of the doorway leading to the adjacent car. 
These switches are so arranged that a trainman may oper- 
ate all of the doors from either end of the car or all of 
the doors of the two adjacent cars, thus in a four car 
train there would be a trainman between the first and 


second cars and another between the third and fourth ~- 


The Regulating Panel is Located Near the Storage Battery 


cars. These switches may be locked in the off or neu- 
tral position by a thumb lock. 

In the event of an electrical failure the air valves may 
be operated by hand without removing the seat. If the 
air supply fails the doors may be operated by a hand 
crank which may be attached to the extension of the engine 
shaft. In case a door is closed on an object which pre- 
vents further movement it automatically opens to 36 in. 
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opening and closes again. This movement being auto- 
matically kept up indefinitely until the obstruction is re- 
moved, This action is accomplished by electric contacts 
mounted on the edge of the door protected by a flexible 
rubber casing, As a further safety feature there is a 
collapsable arm on the engine shaft so that the door may 
be opened about 6 in. from its closed position. 


Starting Signal 


As a starting signal there are two. 34-volt green lights 
in parallel mounted in the cab of the locomotive. These 
lights are energized by a series circuit through the train, 
taking power from the headlight generator on the loco- 
motive. Electrical connectors are used between the cars 
and the receptacles on the cars have a self-closing switch 
mounted on air valve so that the circuit is closed on the 
rear of the last car when air cock is closed. The series 
circuit is carried through contacts, on each side vestibule 
door. When all the doors are closed the green lights in 


End Construction of the New Coaches 


the locomotive are lighted. Two lamps are used in 
parallel to prevent a failure should one lamp burn out. 

The overall length of these cars is 72 ft. and 2 in. The 
interior finish of the cars is white from the side plate tq 
the side plate overhead, including the fixtures. The 
sides are of mahogany color as well as the seat and ends. 
The seats are finished in cane. Cross seats are the walk- 
over type. No foot rests or arms are provided. The four 
longitudinal end seats have a capacity of four each. The 
total seating capacity of the car is 84 persons. The seat- 
ing arrangement was particularly designed with a view of 
having ample clearance between the seats and ample 
height at the back of the seats for the use of the pas- 
sengers. The width of the aisle at the seat end is about 
31 in. and 36 in. at the edge of the seat back which pro- 
vides ample room for two persons to pass in opposite 
directions in the aisle, 
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Some Early Developments in Train 
Lighting 


p> ASSEAGER trains operating between London, Eng- 
land, and Brighton, a distance of some 52 miles, 
were first equipped with the electric light apparatus in 
1881. According to A. A. Panter, carriage and wagon 
superintendent of the London, Brighton & South Coast 
Railway, this is believed to be the first attempt to light 
a train by electricity. 
The first installation consisted of accumulators as the 
only source of energy, the battery being placed on charge 
at night during the time the train was on the siding. 


Train Line 


Arrangement of Driving Pulleys and Electrical Equipment 


This was not satisfactory, as the batteries seldom received 
the necessary charge. About 1883 an apparatus was de- 
signed by the late E. J. Houghton whereby the accumu- 
lators were charged by a dynamo placed in the guard’s 
van or baggage car, and driven by a belt from the car 
axle. Belts were of single-ply 4-in. leather. 

For the benefit of the reader not acquainted with cars 
used on English railways, it may be said that these cars 
were equipped with three pairs of wheels, placed equally 
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above the shaft. Lubrication of hanger boxes was ac- 
complished by copper pipes leading through the floor of 
car to oil cups with wick oilers. All bearings were of 
brass, as babbitt metal bearings were then unknown. The 
dynamo was manufactured by the Brush Electrical Engi- 
neering Company and the illustration gives a general idea 
of the construction of these machines. 

As the dynamo was driven at all times when the car 
Was in motion, a double-throw, double-pole switch was 
connected into the circuit in such a way that the lights 
were switched from the generator to the battery when the 
train was stopped or vice-versa when the train was under 
way. A two-wire circuit was run through the train line 
and apparently no adjustments were made for the regu- 
lation of the voltage between the lamps in the different 
cars. The variation of voltage was naturally consider- 
able. Plug connectors constructed on the same principles 
as those of today were used to connect the train line be- 
tween the cars. 

The operation of this system of lighting proved to be 
satisfactory, although at the beginning there was some 
trouble from the burning out of armature and fields from 
excessive speed, as well as many burned out lamps. The 
platinum filament made this an expensive proposition. 
This was overcome by changing the relative size of the 
pulleys. Eventually 400 coaches and special cars were 
equipped on this one railway. There are today still sev- 
eral coaches and private cars, including the royal train, 
fitted with the E. J. Houghton apparatus running on this 
railway, but with the addition of modern regulation ap- 
paratus. The old cars were equipped with 4 ceiling lights 
each and with 32 C P lamps. 

Several interesting experiences with this early system 
of train lighting are told by H. F. Newland, engineer and 
electrician of the Union Station in Chicago, and formerly 


One of the Early Types of Train Lighting Generators Used on the London, Brighton & South Coast Ry. 


under the car, the bearings being so arranged as to permit 
a side motion to allow the cars to round the curves safely. 

A pulley approximately 12 in. in diameter with 4 in. 
face was mounted on the center axle. Attached to the 
underframe of the car was a shaft supported by inverted 
hangers. On this shaft were two pulleys, one of which 
was driven from the pulley on the axle, the other being 
used to drive the dynamo located in the car diagonally 


a motive power engineer on the L. B. & S. C. R., who 
was in charge of some of these old train lighting systems 
and who made some of the original drawings of part of 
this apparatus. He explained that such instruments as 
ammeters and voltmeters were unknown at that time and 
that a pilot lamp was the only indication of the amount of 
current or voltage generated. Between Brighton and 
London there are some five or six tunnels, one, the Clay- 
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ton, being about two and one-half miles long. It was the 
custom on a certain daylight train for the head guard 
to switch the lights on while the train was passing through 
the tunnels. On one occasion of special importance, it 
happened that the pilot lamp was burned out and the 
guard naturally switched on the light when the train left 
the terminal and, not knowing that the pilot lamp was 
defective, he switched off the lights when traveling 


Train Line Train Line 


Accumulator 


BD Dunamo 


Wiring Connections and Double Throw Switches for Operating the 
Train Lights 


through the tunnels. An official from the Great Eastern, 
riding on this train, reported that electrical lighting of 
trains was a failure. At that time there was but one 
switch so that the dynamo was either charging batteries 
or lighting the lamps. 


Operation 


Normally, the double-throw switch E would be thrown 
to B and the switch C closed, so that dynamo D would be 
charging the accumulator and the latter serving the lights. 
Should the pilot light P show excessive voltage, switch 
C was opened. Should the pilot light be dim, the double- 
throw switch was thrown to A and switch C closed. To 
cut out lights, switch E was thrown to neutral position. 


Electrification of English Railroads 


apes preliminary report of the Electrification of Rail- 
ways Advisory Committee in England was published 
in the November, 1920, issue of the Railway Electrical 
Engineer. The final report has now been published in 
pamphlet form. 
The committee was appointed by the Ministry of Trans- 
port in March, 1920, to consider and advise: 


1. Whether any regulations should be made for the pur- 
pose of insuring that the future electrification in this country 
is carried out to the best advantage in regard to interchange 
of electric locomotives and rolling stock, uniformity of equip- 
ment or other matters. 

2. If any such regulations are desirable, what matters 
should be dealt with and what regulations should be made. 

3. How far it is desirable, if at all, that railways or sections 
of railways already electrified should be altered so that they 
may form parts of a unified system. 


Subsequently in October, 1920, the terms of reference 
were extended as follows: To consider and advise— 

1. Whether any regulations should be made to limit the 
drop of potential in an uninsulated return conductor on electri- 
cally operated railways. ey 

If any such regulations are desirable, what limits these 
should impose and under what conditions. 

The committee in its final report now desires to con- 
firm the recommendations contained in its Prelimary Re- 
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port. The final report is remarkable for its brevity and 
the following excerpts from the report are worthy of 
especial attention: 


“The committee desires to add to the preliminary report 
that from the evidence which has been put before them, as 
well as their own experience, they have come to the con- 
clusion that alternating current supplied to the substations at 
a frequency of 50 cycles can be used for railway purposes 
without any detriment to railway working. 

“In respect to contact rail collection, it is essential for the 
interchange of electrically operated trains that the contact 
rails should be so placed as to enable current to be collected 
by the same trains both on railways employing 1,500 volts and 
on those employing 600/750 volts. The top-contact type of 
rail is that now generally in use for the present low voltages; 
the under-contact type of rail has also been largely used, and, 
in the opinion of the committee, possesses advantages in re- 
gard to interference by the accumulation of ice and snow, and 
also in regard to the arrangement of protection for men work- 
ing on the track with higher voltages. Suitably designed 
shoe can be run interchangeably with either the top or 
under-contact type of rail. Under these circumstances the 
committee is of the opinion that the contact rails employed 
may have either a top-contact or an under-contact surface, 
and it does not consider it desirable to recommend the exclu. 
sive use of either type, some varieties of which may be the 
subject of patents, but think that the choice in this respect 
should be left open, subject to the regulations below, so as 
not to interfere with such future improvements as are likely to 
be developed in either or both types. 

“With regard to the practicability of further standardization 
of equipment by regulations, the committee desires to confirm 
the views expressed in Clause 10 of the Interim Report to the 
effect ‘that such regulations should put no avoidable difficul- 
ties in the way of the adoption in future, with the approval of 
the minister, of any improvements in methods or appliances 
which may from time to time become available with increas- 
ing knowledge and experience,’ and to add that the committee 
does not consider it desirable, in the interests of railway elec- 
trification, that further regulations (other than those recom- 
mended in this report) should be issued for the time being. 

“With regard to the extended references 1 and 2, the com- 
mittee, after careful consideration, finds that: 

“(1) The evidence given by the railway companies operat- 
ing electric railways indicates that the cases of harmful effects 
due to a drop in potential substantially in excess of that al- 
lowed by Tramway Acts in earthed railway conductors have 


been few and unimportant, and readily corrected by the rail-; 


way companies themselves on their own initiative. 
“(2)_.The clauses for the protection of observatories in« 
serted in the Ly panies applying for 
to operate their railways electrically have had, and continue 
to have, a retarding effect on railway electrification. The 
committee having heard in evidence officers concerned with 


the observatory instruments likely to be affected by the opera- 
tion of electric railways, are 


of the opinion that the interests | 


Acts of Railway Companies applying for powers’ 


of observatories would in any case be sufficiently protected — 
if the scope of the clauses referred to were limited to the por- | 


tions of electric railways within the vicinity of the observa- 
tories. 

“Having regard to these considerations and to the views 
expressed in Clause 10 of the Interim Report, as well as to 
the difficulties in imposing any definite limit to the voltage 
drop owing to the variety of conditions which present them- 


selves along different portions of any railways, the committee 
therefore recommends that: 


“CED. It is not desirable that regulations should be issued 
to limit the drop of potential in an uninsulated return conduc- 
tor on electrically-operated railways. 

“The recommendations are briefly summarized in the fol- 
lowing: 

“Standard system of 
nating current. : 


“Standard system of power distribution—Direct current. 

“Standard pressure—1,500 volts at substation busbars; in 
special cases a multiple or sub-multiple of 1,500 volts, if approved 
by the minister. 

“Standard collection—Contact rail or overhead contact wire. 

“Contact rail standards—Top-contact or under-contact rail, 
with the contact surface in a horizontal plane installed ata 
gage of 1 ft. 4 in. from the gage line of the nearest track rail. 

“Overhead contact wire standards—Installed normally over 
the centre of the track at a height of 3 ft. above the maximum 
load gage likely to be used on the line, and at a maximum 
height of 20 ft. above track rail level. 


“Limitation of drop in earthed return conductors—No regu- 
lations to be issued.” 


power generation—Three-phase alter- 


A Lamp Maintenance Rack 


The maintenance of lamps in shops, stations, and 
various other installations both indoors and outdoors is 
something which is very likely to be neglected unless the 
work is performed on a regular schedule. In other 
words, systematic maintenance work is the sort of main- 
tenance which makes for lighting efficiency. And 
efficiency in any line depends to a very large extent upon 
the right kind of tools to perform the best work with 
the least amount of time and labor. Lamp maintenance 
does not differ in this respect from other classes of work 
and the lamp rack shown in the photograph indicates 
one way in which lamp inspection may be rendered more 


Rack Loaded and Ready for Inspection Trip 


efficient. In a recent issue of the Electric Journal a 
writer describes this rack as an important adjunct in 
the lamp maintenance of a large textile mill. It is not 
important that this carrying rack conform closely to the 
shape or size of the one illustrated—the main thing is 
to have a tray of some kind for the purpose of transport- 
ing lamps to and from the stock room and at the same 
time provide space for cleaning materials and a record 
sheet, as indicated in the picture. Any ambitious lamp 
man should be able to construct for himself a convenient 
form of rack which combines these features, which make 
for expedient and efficient lighting maintenance. 


Honking your horn doesn’t help so much as steering 
wisely. 

Don’t expect poor work now to lead to brilliant work 
hereafter. 

You have no idea how big the other fellow’s troubles 
are, 


ile Nee = 


Ac 
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Answers to Last Month’s Questions 


Assume that each lamp in Fig. 1 takes 2 amperes and 
that the resistance of the lamps remains constant. The 
brush potential of each generator is 112 volts. Find (a) 
the line drop in each section, (b) the voltage across each 
set of lamps, (c) the power delivered by G1 and G2. If 
a break should occur in the neutral between O and S, 
what would be the values of (a), (b) and (c)? 

If a break should occur in the neutral between S and V, 
what would be the values of (a), (2) and (c)?—C. B. F. 


x X 


The above problem, the Sr of which follows, is 
perhaps not so difficult as it is lengthy. There are a num- 
ber of points, however, which are well worth emphasizing 
and for this reason very full and complete explanations 
have been made. Asa matter of fact the problem is really 
a number of problems, each of which brings out some 
very interesting and instructive points in connection with 


M .20hm R 


_.&0hm ¥ 


Fig. 1—Showing Conditions of the Problem 


the Edison three-wire system of wiring. We hope, there- 
fore, that those readers who are particularly interested in 
wiring problems will file away, mentally or otherwise, 
for future use the information presented herewith. 
x xk x 

Referring to Fig. 1, let us first determine the current 
flowing in each portion of the circuit. Since it is stated 
in the problem that each lamp takes 2 amperes, it is clear 
that the current flowing in the line between M and FR will 
be the total current required by the 7 lamps located at 
A and B, or 14 amperes. It is also plain that the current 
in the line between Fk and T will be 6 amperes. Similarly 
the current in the line NW will be 10 amperes. 

It is desirable to determine the direction of the current 
flow in the different portions of the circuit, and in order 
to do this let us assume that the potential of the point M 
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is 112 volts above zero. The point N may likewise be 
assumed to be 112 volts below zero, and the neutral point 
O between the two generators will then be taken as zero. 
These assumptions having been made, the amount and the 
direction of current will be as shown in Fig 2; 

Since 14 amperes flow from the point M, and only 6 
amperes beyond the point R, it is evident that 8 amperes 
flow from R to S. This current of 8 amperes divides at 
S, 4 amperes flowing from S to V, where they combine 
with the 6 amperes flowing from R to T, through the 
lamps B to V, thus making the 10 amperes required by 
the lamps C. These 10 amperes return to the generators 
over the line NW. The current in the line OS will be 
the 4 amperes remaining after the current of 8 amperes 
through the lamps 4 has been divided at the point S, 

The line drops in the various sections and may then be 
computed from the formula E = JR, as follows: 
Mtok = 14x 2=28 volts, Rte T =6<.2=1? volts 
OOS 204s 7 ae Biol eenS eey = 4x°.2=— .8 volt 

NtoW=10X 4=4 volts 

The voltage across each set of lamps may be deter- 
mined by finding the potentials of the points R, S, T, V 
and JV. Since the drop from M to R is 2.8 volts and the 
point M has a potential of 112 volts, it follows that the 
potential of R is 112 — 2.8 = 109.2 volts. 

Again, since the line OS has a potential of zero at the 
generator end and at the same time has a line drop of .8 
volt, it is clear that potential of the point S will be .8 volt. 
The difference then between the potential at R and the 
potential at S will be the voltage across the 4 set-of 
lamps. 

109.2 — .8 = 108.4 volts across the A set of lamps. 
The potential of the point T will be equal to the potential 
of M, minus the sum of the line drops in MR and RT: 

112 — (2.8 + 1.2) = 108 volts potential at T 

From the direction of current flow in the line SV, we 
know that the potential of the point V must be less than 
the potential at S. The potential at S is .8 volt, and if we 
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Fig. 2—Indicating the Amount and Direction of the Current in the 
Various Branches 


take from this the line drop in SV, which is likewise .8 
volt, we find that the point V is at zero potential. 
.8 — 8 = 0 volts potential at V 

It is obvious, therefore, that the voltage across the B 
set of lamps is 108 volts. 

In a similar manner the potential of the point W may 
be shown to differ from the potential of the point N by 
an amount equal to the line drop in the line NW. In 
this case, however, since the current flows from W to N, 
it is evident that the point W is at the higher potential. 
In other words, by adding the line drop to the potential 
of N we have the potential of W. 

— 112 + 4 = — 108 volts potential of W 

It must be remembered that while both N and W have 

negative potentials, the potential of W is positive with 
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respect to N. Since the point V is at zero potential the 
voltage across the C set of lamps is 108 volts. 

In determining the power delivered by the generators 
the formula W = E I should be used and the generators 
considered separately. As the voltage of each generator 
is 112 volts, the only variable factor is current. For gen- 
erator Gr the current is 14 amperes, hence the power de- 
livered by this generator is 

112 X 14 = 1,568 watts 
In the same way the power delivered by G2 is 
142 C10" 1120 aeatie 


Part 2 


The second part of the problem, which assumes a break 
in the line between O and S, changes the original condi- 
tions considerably. It would be incorrect to assume a 
current of 2 amperes for each lamp if we assume a volt- 
age of 112 for each of the generators. We, therefore, 


assume the generator voltage to remain at 112, and de- 
+M .2 Ohms R 
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Fig. 3—Diagram Shows Amount and Direction of Current if the 
Neutral Wire is Opened Between O and S 


termine what current would flow in the circuit under the 
changed conditions. Fig. 3 shows the new arrangement. 
It will be seen that the two groups of lamps A and B are 
in parallel with each other and that this combination is in 
series with the C group of lamps. 

The first step is to determine the resistance of the sev- 
eral groups of lamps. This may be done by using results 
obtained in the first part of the problem. We found that 
the voltage across lamp group A was 108.4. Then by 

E 


using the formula R = —, the resistance of lamp group 
I 
108.4 


A is =~ 13.59,0hims, 

In the same manner the resistance of group B is found 
to be 18 ohms, and of group C, 10.8 ohms. : 

Then the resistance from R to V through the lamp 
group A is 13.55 + .2 = 13.75 ohms. And from R to 
V through the lamp group B is 18 + .2 = 18.2 ohms. 

The joint resistance of these two paths in parallel is 
given by the formula 

1 
R= 


si Yo 
Where R = Joint Resistance 
r, = resistance of group A lamps + .2 ohms 
Yr, = resistance of group B lamps + .2 ohms 
Substituting the numerical values previously obtained 


we have 
cal 1 250.25 
Dilek he — = = 7.832 ohms 
1 1 31.95 31.95 
V3i/ peers 250:25 
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The resistance of lamp group C, which is 10.8 ohms, 
together with the line resistances between M and FR and 
between N and W, should now be added to the joint re- 
sistance of the parallel circuits with the following result: 

10.8 + 2+ 4+ 7.832 = 19.232 ohms total resistance 
between VM and N. 

The two generators Gr and G2 must now be consid- 
ered in series as developing 224 volts. This voltage, 
then, with a resistance of 19.232 ohms in the circuit will 
cause to flow a current of 

224 + 19.232 = 11.64 amperes 

On reaching the point R this current divides inversely 
as the resistance of the two parallel circuits from F to V. 
Now 13.75 ohms is the resistance through the 4A group 
of lamps and 18.2 ohms is the resistance through the B 
group of lamps. Then since the conductances of the two 
branch circuits are inversely proportional to their re- 
sistances 


1 
= the conductance through the 4 group of lamps 
DoAe 
1 
——— = the conductance through the B group of lamps 
18.2 


Their sum equal the joint conductance of the two cir- 
cuits between FR and V. 
1 1 
1375 18.2 20:25 20125 250.25 

Then the current through the A group of lamps 
would be 


18.2 1370 31295 


18.2 211.848 
311.64 == - = 6.63 amperes 
31,95 13.95 
and through the B group of lamps, the current would be 
Ws) 
pall 64. = - = 5.01 amperes 
See 31.95 


Knowing the current in the various parts of the circuit 
the line drop may be computed from the formula FE = JR 
Dropin MR = 11.64 X .2=2.328 volts 
eer fee Ol ex 2 at LL OOZ 
ee eS 0.03! XO 2 13569. 3 
eA =a 1 OAD 4A 40505 
Since the resistance of each group of lamps is known 
the same formula may be used to determine the voltage 
across the several groups. 
Voltage across eroupeA—= -0.63>>013155 ==. 89.8365 volts 
6 Bh. oO] el 8s a= 90.18 . 
+ Paeeer— 11 OFC 10 Sees 2a 2 
Since the generators are in series each is doing an equal 
share of the work, the total generated voltage being 224. 
The total current is 11.64 amperes and hence the total 
power would be 
Watts = voltage X current = 224 X 11.64 = 2607.36 
watts. 
Then each generator would deliver one-half of this 
amount or 1303.68 watts. 


Part 3 


The third section of the problem involves further 
changes of conditions as shown in Fig. 4. Here it will 
be seen that generator Gr in addition to assisting gen- 
erator G2 in supplying current to lamp groups B and C, 
is alone supplying all of the current for lamp group A. 
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The voltage of each generator is assumed to be held con- 
stant at 112 volts or 224 volts from M to N. 

In order to determine the current in the various parts 
of the circuit we may make use of the resistances of the 
several lamp groups as previously determined. The re- 
sistance through the circuit M-R-T-V-W-N includes both 
line resistance and lamp resistance and may be summed 
up as follows: 

2+ .2+ 18+ 10.8 + .4 = 29.6 ohms 
The current in this circuit will then be 
224 — 29.6 = 7.567 amperes 

Since the lamps of group A must be supplied with cur- 
rent over the line MR, it is evident that this section 
of line will carry current in addition to the 7.567 amperes. 

To find what this current is we may consider the cir- 
cuit through the lamp group A as if it were by itself be- 


+M .2 Ohms R .20hms 1 
15.955 Amperes > 
@ ACzOmORO 
0 .20hms 
~<- 8.028 Amperes S 


~<—7.56T Amperes 
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Fig. 4—Diagram Showing Amount and Direction of Current When 
Neutral Wire is Broken Between S and V 


ing supplied by the single generator Gr. We know that 
the resistance of the lamp group 4 is 13.55 ohms and 
hence the resistance from M to O through this group is 
2+ 13.55 + .2 = 13.95 chms 
The current passing through group A will then be 
112 + 13.95 = 8.028 amperes 
The current in the line MR will then be 
7.907 + 8.028 = 15.595 amperes 
The line drop in the various line sections will be as 
follows: 
Dropin MR = 15.955 «2 = 3.191 volts 
Bee le a 2967 02 I BAN 
SABES a NASD Cet hema AG 5, See 
ee Ne 90/. <aA — 3,0268) = 
The voltage across the various lamp groups may be 
determined in the same way since we know the resistances 
of the several groups. 
Voltage across group A = 8.028 & 13.55 = 108.779 volts 
5 EES == 136.2060 
: Te a ea (ROO NO Sete 1/20) st 
The power ee by each generator will be the 
product of that generator voltage by Oe current passing 
through it. 
Power delivered DycG eee LZ . Se 955 — = 1786.96 watts 
TeG 2 =e Ula 17 SOs =" S475 x 


Questions for December 


I. Can vou tell me why it is that large knife switches 
designed for carrying currents of over 2000 amperes 
have a different capacity rating for direct current than 
for alternating current?—M. M. 

2. What ts the easiest way of connecting two batteries 
through a switch so that they may be charged in series 
and discharged in parallel?—C. J. S. 

3. Does the ampere hour efficiency of a lead storage 
battery differ when charged at high and low rate ?—I. 
fade Uae, 


Semi-Automatic Arc Welding Lead 


A semi-automatic arc welding lead has just been de- 
veloped by the General Electric Company, Schenectady, 
N. Y., for use in conjunction with its automatic arc weld- 
ing head, which retains the continuous features of the 
automatic apparatus, yet allows the operator to direct 
the arc as required by the conditions of the work. 

The apparatus consists of a welding tool to be held by 
the operator, which acts as a guide for the electrode wire. 
In the handle of the tool, which greatly resembles an 
automatic pistol, is a switch for operating the control on 
the panel of the automatic welder to start and stop the 


General Electric Sémi-Automatic Arc Welder 


movement of the electrode wire. Attached to the tool is 
a 10-ft. length of flexible steel tubing, called the “flexible 
wire guide,” with an adapter on the other end for attach- 
ing it to the automatic welding head. The wire passes 
from the feed rolls of the head into the flexible tubing, 
and thence to the arc through a “guide nozzle” in the 
welding tool. The automatic welder functions in its ac- 
customed manner, tending to hold the arc length constant, 
and the operator merely directs the arc as required by 
the particular job in hand. 

The field of application of the semi-automatic lead is 
the welding of products where the seams to be welded are 
of very irregular contour, or on very large work where 


the travel mechanism and clamping necessary for the full 
automatic welder would be complicated and costly. In 
many cases the edges of the seams are not accurately pre- 
pared, making gaps in some places and tight fits in others. 
The automatic welder with mechanical travel cannot com- 
pensate for these conditions by varying the speed, or by 
manipulation of the electrode, but with the semi-auto- 
matic, they are taken care of, 

The semi-automatic welder may also be used for build- 
ing up metal rapidly, as in the case of the filling up of 
blow holes in castings, or the building up of worn spots, 
etc. The speed of deposition of the metal varies widely, 
being somewhere between the ordinary hand speed and 
that of the automatic, according to the conditions of the 
particular job. In general it is about twice as fast as 
hand welding. 

The advantages claimed for the automatic welding 
equipment may be summed up as follows: (1) Saving 
in time which is ordinarily lost in changing electrodes; 
(2) saving of from 10 to 20 per cent in electrode material 
ordinarily thrown away as waste ends: (3) operators can 
become proficient in the use of the tool very quickly, as 
they do not require the muscular training necessary for 
hand work (4) continuous operation results in few inter- 
ruptions in the welding, each of which is a potential source 
of defective welds. 


Heavy Duty Trailer for Concentrated Loads 


The movement of heavy concentrated loads. such as 
Jarge castings, etc., constitutes an important handling 
problem in railway freight stations, warehouses and re- 
pair shops. In such work, cranes, trucks, tractors and 
trailers and various other material handling devices are 
being increasingly used. For such work the Sharon 
Pressed Steel Company, Sharon, Pa., has developed a 
trailer specially designed for heavy duty service with 
tractors. 

The trailer frame consists of four 3g-in. channel sec- 
tions which are pressed from 1%-in. hot rolled open-hearth 
steel and riveted into one-piece channel section corner 
pieces pressed to a 6-in. radius. By varying the length 
of the side and the end rails, the trailer can be made in 
any length up to 72 in., and in any width up to 50 in. 
Two additional members, of 3-in, pressed steel channel, 
run lengthwise beneath the floor and are riveted to the 
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end rails and braced, laterally, to the frame with front 
and rear pressed steel ‘““V”’ braces which take the pull of 
the 5é-in. steel forged coupler. Either one or two 
couplers can be teed 

The rear wheel and front caster supports are 3-in. 
pressed steel channels riveted to the side rails and the 
longitudinal members of the frame. The rear wheel 
brackets are pressed from 14-in. steel, with two stiffening 
ribs on each side. The rear wheels are of malleable iron 
with six double-web spokes and 31%4-in. face and are 


Under Platform View Showing Construction Details 


equipped with 3-in. Hyatt roller bearings on a hardened 
and ground 1-in. shaft. 

The front casters are of heavy-duty type, ball and roller 
bearing equipped, bolted to a %-in. steel plate which is 
riveted to the frame. The floor of the trailer is 11%4-in. 
oak recessed flush in the side and end rails. All frame 
members are flush on the bottom, thus affording an even 
support when the trailer is used in connection with a lift 
truck, such as is now coming into quite common use. 

The trailer was recently given a severe test with a load 
of 8,000 Ib., indicating its adaptability to exact service. 


Ease of Operation Features New Portable Drill 


A lightweight, portable electric hand drill of 3/16-in. 
capacity with pistol grip is the latest addition to the line 
of portable electric drills and grinders manufactured by 
the Cincinnati Electrical Tool Company, Cincinnati, Ohio. 


SWITCH 


Portable Electric Drill With Pistol Grip 


This new drill answers the need for a light and practi- 
cally frictionless but high speed and powerful tool, adapt- 
able to all kinds of light drilling. It is suitable for drill- 
ing in steel, brass, aluminum and sheet metal and for car 
building, window frames, etc. It also makes a very prac- 
tical tool for wood boring. 


RAILWAY ELECTRICAL ENGINEER 


479 


While thoroughly simple in construction, the new drill 
is compactly and substantially built. It is equipped with 
a universal motor for use on direct and alternating cur- 
rent of the same voltage. The motor housing, end caps 
and handle are made of special aluminum, insuring mini- 
mum weight consistent with strength. The armature and 
gear studs are mounted on ball bearings which practically 
eliminate friction. Gears are of special analysis high 
grade steel. The switch is the Cincinnati quick make- 
and-break type with 50 per cent overload allowance. It 
is entirely enclosed in the handle and is operated by a 
trigger conveniently located in the handle. 


New Radio Receiving Set 


The latest development in radio receivers has just been 
placed upon the market by the Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, Pa., under the 
trade name of Aeriola Jr. 
This is a complete radio re- 
ceiving outfit which weighs ° 
only five pounds, and may be 
carried with ease. To use 
this outfit it is only necessary 
to connect it to a single-wire 
aerial and a ground. No 
additional equipment is need- 
ed, for the receiver includes 
all the essentials—a variable 
tuner, a fixed condenser, a 
supersensitive crystal detec- 
tor, and a high grade set of 
head phones. 

This outfit j is a single-circuit receiver, involving a vari- 
ometer tuner with fixed series condenser. The eons 
is sensitive at all points and is said to give easy and de- 
pendable operation. A single indicating arm operating 
over a graduated dial assures quick and accurate tuning 
for telegraph or telephone stations within its range of 
190 and 500 meters wave length. 

The head phones are connected to the usual stopping 
condenser. A special compartment is provided in the 
case for the head phones, so that the unit is complete and 
ready for instant use. Bulletin No. 4465 illustrates and 
describes this unit. 


Radio Receiving Set 


Appliance Plugs and Switches. 


The General Electric Company, Schenectady, N. Y., 
is manufacturing and marketing an attaching plug for 
connecting the cord in the handle of vacuum cleaners 
to the poe This plug has a one-piece body and the 
binding screws on both sides of the base are covered by 
a fibre insulating sleeve. The contacts in the live end 
of the plug are concealed and out of the way of acci- 
dental touch. A motor plug for use in the body of 
motors, all made of composition, is also manufactured 
by the same company. The contacts on the free half of 
the plug are concealed, thus giving the same element of 
safety as the other type. Strong bent contact fingers 
make it possible for the cap to fall off, and the base of 
the plug is held in the motor frame by grooves. A fibre 
separator in the bottom half of the plug is a precaution 
against short-circuiting. The use of either type makes 
it possible to remove the handles in packing for shipping. 
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A district sales office has been opened by the Square 
D Company, -Detroit, manufacturers of inclosed 
switches, at 312° International@lite “building, sot. 
Louis. J. D. Utley has been appointed office manager, 
while W. S. Herman is district sales manager. 


M. I. Scott, for some time in charge of crane-motor 
production with the General Electric Company at Fort 
Wayne, Ind., has been transferred to the Erie (Pa.) 
works of the company. Crane-motor production in the 
future will be carried on there. "Wei. Kellermeyer is 
taking Mr. Scott’s place at Fort Wayne. 


The Okonite Company, Passaic, N. J., has opened a 
branch office at Atlanta, Ga., in the Candler Building, 
with E. A. Thornwell as southeastern sales repre- 
sentative, and John L. Phillips as manager. The ter- 
ritory covered by this office will be North and South 
Carolina, Georgia, Alabama, Florida, Tennessee, and 
the city of New Orleans, La. 


The Delaware, Lackawanna & Western has again 
asked the General Electric Company and the West- 
inghouse Electric & Manufacturing Company to pre- 
pare estimates for the electrification of about 40 miles 
of gradients near Scranton, Pa. The work will cost 
over $5,000,000 and has been contemplated for some 
time. Bids were received for the work last summer, 
but these were all rejected. 


Stockholders of the Pullman Company will hold a 
special meeting in Chicago on December 20, to vote 
on the following amendments to the charter of ‘the 
company : 

Increasing the capital stock from $120,000,000 to 
$135,000,000 and increasing the number of directors 
from nine to twelve and electing the same. To au- 
thorize directors to purchase all assets of the Haskell 
& Barker Car Company, Inc., and pay therefor $275,- 
000 in cash and 165,000 shares of the capital stock of 
the Pullman Company, and in case of adoption of the 
amendment increasing capital stock. authorize the 
board to issue and deliver direct to the Haskell & 
Barker Company 150,000 shares of the increase. 

The $275,000 cash payment is equal to $1.25 a share 
on the Haskell & Barker stock, which, it is expected, 
will be distributed as an extra dividend. 


U.S. Light & Heat Not Involved in Willys 
Corporation Receivership 


The recent receivership of the Willys Corporation 
has caused some inquiries to be made of the U. S. 
Light & Heat Corporation, Niagara Falls, N. Y., as to 
what effect, if any, the proceedings will have respect- 
ing the latter company; and certain publicity in con- 
nection with the receivership has erroneously carried 
the idea that the U. S. Light & Heat Corporation is 
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one of the component parts of the Willys Corporation 
and would, therefore, be affected in its operation by 
the receivership. These inquiries have led C. O. 
Miniger, president of the U. S, Light & Heat Corpora- 
tion, and who is one of the receivers appointed by the 
U.S. District Court at Toledo, to make the statement 
that the receivership in no way affects the business 
of the U. S. company. His appointment as receiver 
was made by virtue of his connection with the Electric 
Auto Lite Company of Toledo, which company is one 
of the divisions of the Willys Corporation. 

The only connection between the Niagara Falls 
company and the Willys Corporation is that of pre- 
ferred stock ownership by the Willys Corporation. 
The corporations and the managements are entirely 
distinct and the operation of the U. S. L. Company 
will continue exactly as heretofore. 


Gas to Be Abolished on French Trains 


M. le Trocquer, Minister of Public Works of — 
France, has sent a circular letter to all railway com- 
panies instructing them to take immediate steps to 
abolish the use of gas in the lighting of trains. Gas 
lighting, he says, must be abolished on all express 
trains by January 1, 1923, and on all suburban trains 
by January 1, 1924. Returns are to be called for from 
railway companies showing from time to time how far 
the transformation of the lighting system has pro- 
gressed. Coal fires for the heating of trains are to 
be done away with within a period of two years. 
The letter concludes by asserting that the directors 
of the companies will be held personally responsible 
in the event of accidents in any way attributable to 
neglect of this admonition. This is a sequel to the 
Batignolles tunnel accident, in which several coaches 
of a train caught fire and many persons were killed. 


Paulista Railways Begin Electric Operation 


The freight locomotives recently shipped by the 
Westinghouse Electric & Manufacturing Company to- 
the Paulista Railways of Brazil are now in service 
in that country between Jundiahy and Louveira. 
These are the first electric locomotives to be used 
in Brazil, and the inauguration of electric service 
there represents an important step in the future elec- 
trification of South American railroads. 

The new locomotives haul trains of from 43 to 45 
units over grades as steep as 1.5 per cent. Thevse= 
called “unit car” is of 10 tons gross weight, and the 
term refers to the old wooden car of thirty years 
ago. Modern cars are said to be two, three or four 
units, according to their size and load. Thus a train 
of 45 units represents 450 tons weight and is approxi- 
mately 675 feet in length. 
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Under former steam operation such trains could 
not be carried over a 1.5 per cent grade at a speed 
greater than nine or ten per hour. Electric loco- 
motives make such grades at 29 miles per hour. 


Japanese Railway Activity 


An indication of the improvement in business con- 
ditions in Japan since the 1920 critical financial stress 
of that country is received from the recent placing 
of an order with the Westinghouse Electric & Manu- 
facturing Company for substation material amount- 
ing to $76,000. This order covers the complete equip- 
ment for two substations and includes eight rotary 
converters, twelve transformers, two complete switch 
gear equipment, and station lighting transformers. 

Other large orders for railway material recently 
have been placed in this country by the Seto Electric 
Railway Company, the Bisai Electric Railway Com- 
pany, the Nagasaki Electric Railway Company, the 
Tokio Municipality and by other large Japanese rail- 
way operating companies and municipalities. 


Spanish Northern Railway Electrification Project 


A contract for the electrification of forty miles of 
the Spanish Northern Railway is announced by the 
Sociedad Iberica de Constructiones Electricas, of 
Madrid, Spain, one of the associated companies of 
the International General Electric Company, Inc., of 
New York. This initial order constitutes the most 
recent and one of the largest European railway elec- 
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the mining district and the northern seaboard through 
a mountainous region with many tunnels, considerable 
grades and severe climatic conditions. 

The electric locomotives on order will be of the 
freight type, with the following dimensions: 


Mengthoversbticlklerss saci meme eee anes 46 feet 
EL Ei pitas See ee lace aie Remnant 13 feet, 11 inches 
Wroiclibarog scab sia. serena ct aoe tices 9 feet, 8 inches 
Rai ridgivnh Gell shaseceta caters «cone Leeder 11 feet, 6 inches 
Maximum wheel base..,.. Sioketale Liteie: HetRenseeecaey Aa eLeek 


The locomotives will be arranged for regenerative 
braking, and will operate at 3,000 volts. The loco- 
motive speed at continuous rating is 13.5 miles an 
hour. Pantograph collectors will be used similar to 
those on the St. Paul locomotives, having a double 
contact shoe. ° 


Proposal to Develop Colorado River Power for 
Railroad Electrification 


Two applications for preliminary permits were 
received by the Federal Power Commission during 
the week ended November 26. Guy P. Mohler, of 
Needles, Ariz., requests a permit covering a location 
on the Colorado River in Mohave County, Ariz., and 
Clark County, Nev. He wishes to erect a series of 
dams beginning at Pyramid Peak at the lower end of 
Pyramid Canyon and extending upstream to the pro- 
posed projects of the city of Los Angeles and of E, L. 
Beyard in Boulder Canyon. The available power is 
estimated to be 316,800 horsepower, and it is pro- 
posed to build a plant of 400,000 horsepower installed. 
The power is for railroad electrification. 

Benjamin H. Hardaway of Columbus, Ga., requests 
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End View and Side Elevation of One of the Locomotives to Be Used in Spain 


trification projects now under development. The high 
voltage direct current system will be used. 

_ The equipment to be supplied by the Sociedad 
Iberica de Constructiones Electricas will consist of six 
78-metric ton, six motor locomotives, two complete 
sub-stations, each comprising two 1,500. kilowatt, 
three unit motor generator sets, transformers and 
switchgear and the material necessary for line con- 
struction. 

The first electrification project of the Spanish 
Northern comprises about forty miles of the Leon- 
Gijon line running through the mountains between 
Ujo and Busdongo. Although this is a single-track 
line, traffic is extremely heavy, as it is a link between 


a preliminary permit to cover a 1,400 horsepower 
project on Pea River near its mouth for public utility 
uses.—Electrical World. 


Wireless Telephone in China 


The introduction of wireless telephony in China, 
according to Professor C. H. Robertson, a noted 
American lecturer, has aroused tremendous interest 
in that country. Professor Robertson has been 
demonstrating the radiophone in China and Japan 
during the past six months, where it is estimated that 
at least 300,000 people have attended his lectures on 
this subject. He found the easiest way to interest the 
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Asiatic was to take his wireless telephone station 
through the streets of a crowded city on a big Chinese 
wheelbarrow, stopping now and then to carry on a 
wireless conversation with one of his associates 
located at their quarters. 


Personals 


Alfred Roland Van Horn died on October 25 after 
a protracted illness of nearly two years. Mr. Van 
Horn was an inventor of electrical appliances, one of 
which was an automatic control for isolated power 
plants. He was engaged in the manufacture of this 
machine with the Trumbell Electric Manufacturing 
Company of Plainville, Conn., until his illness caused 
him to stop active work. Born in Philadelphia in 1886. 
Mr. Van Horn attended the Pennsylvania State Col- 
lege and Drexel Institute for two years each. After 
three years of engineering experience in a partner- 
ship, he started his experimental work in 1911, and 
continued in that line, becoming in 1919 an engineer 
with the Trumbell Company, which had bought the 
manufacturing right to his device.. During the war 
ill health kept Mr. Van Horn from passing the physi- 
cal examination for the army, but he did construction 
work at the Hog Island navy yard and also at one of 
the stations of the Philadelphia Electric Company. 


William Edgar Baker died suddenly of heart disease 
at 50 East Fifty-eighth street, New York city, 
on November 7, 1921. Prominent.in both the civil 
and electrical engineering fields, Mr. Baker had re- 
tired from active business in recent years. He was 
born at Springfield, Mass., in 1857, and was graduated 
from Lafayette College in 1077s ieithen enteredsthe 
service of the Canadian Pacific Railroad under such 
conditions of hardship that few survived, but soon 
showed his ability. In 1884 he left this to become 
resident engineer ior the saluternational cou miGrear 
Northern Railway, in Texas. Four years later he 
began his career as electrical engineer, accepting ap- 
pointment as superintendent in charge of the installa- 
tion of electricity on the West End Street Railway 
System of Boston. From 1892-94 he designed and 
built the Columbian Intramural Railway in Chicago, a 
work which brought him into prominence both in 
this country and in Europe. During the next five 
years he was general manager and chief electrical 
engineer of the Metropolitan West Side Elevated 
Railroad in Chicago. In 1899 he came to New York 
to accept the same position with the Manhattan Ele- 
vated Railroad, operating the railroad as its general 
manager until he resigned and opened an office in 
New York as consulting engineer. 


Trade Publications 


The Shepard Electric Crane & Hoist Company, Mon- 
tour Falls, is distributing a leaflet describing its “Lift- 
about,” a small general utility hoist. 

The Jewell Electrical Instrument Company, 1640-50 
Walnut street, Chicago, is distributing a pocket mem- 
orandum book, entitled the “Jot Book,” in which it 
describes several of its electrical instruments. 
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Two new bulletins have recently been prepared for 
distribution by the Philadelphia Storage Battery Com- 
pany, Philadelphia, Pa. They are printed in colors and 
present respectively the inside story of the battery, which 
consists of a description of the construction of the cell, 
and the use of the storage battery in industrial plants 
haulage. 


Cutting the Unreckoned Costs is the name of a small 
10-page booklet recently published by R. D. Skinner & 
Company, Inc., New York City. The booklet compares 
the use of Lion Paw belting with belting of leather, 
wooster, camels hair, rubber or balata. On pages 6 and 7 
is shown a chart illustrating the result of efficiency tests 
of various types of belting. It is stated that the Lion 
Paw belting is not only suitable for power drive, but is 
also largely used for conveying purposes. On the final 
page of the booklet is given a price list of all sizes from 
I in. to 48-in. in width and in thicknesses varying from 
single 4-ply to triple 10-ply. 

The Sangamo Electric Company, Springfield, Ill., has 
recently issued its bulletin No. 58, which succeeds bul- 
letin No. 50. The title of the new pamphlet is “Loco- 
motive Type Amperehour Meter.” The locomotive type 
meter has been especially designed to meet the severe 
requirements found in mine locomotives and electric and 
industrial truck service. The bulletin gives a complete, 
detailed and illustrated description of the various parts 
of the Sangamo amperehour meter. Wiring diagrams 
are also given as well as a price list of all of the parts 
required in the assembly of the amperehour meter. The 
last three pages of the booklet are devoted to a discus- 
sion of testing and adjusting this type of meter. 

The Gold Car Heating & Lighting Company, Brook- 
lyn, N. Y., has recently issued its 1921 catalogue describ- 
ing the Gold electric therniostat temperature regulating 
system for the automatic control of steam, hot water or 
hot air heating apparatus. The booklet is well illustrated 
and shows the various types of thermostat control for all 
kinds of heating equipment. Complete diagrams are 
given showing the location of the apparatus, as well as 
the actual connection between the thermostat, motor and 
furnace. Although the booklet is devoted almost ex- 
clusively to describing and illustrating the arious equip- 
ment and applications for the heating buildings, 
the devices used are practically the same as those which 
are successfully operating in both steam and electric rail- 
way coaches. 


The Westinghouse Lamp Company, 165 Broadway, 
New York, in its Bulletin E-101, dated October 1921, 
gives some very complete information on the subject of 
illumination values and their treatment. The booklet 
contains 24 pages and is well illustrated. Of particular 
interest are tables 1 and 2. The former gives the mini- 
mum values of illumination allowable under the typical 
state factory lighting codes, while the latter gives the 
present standards of desirable illumination for various 
classes of service. In table 2 the industries are classified 
and there are few, if any, lighting conditions which have 
not been dealt with in the very extensive list presented. 
A third table shows the grouping of industries and loca- 
tions according to the present standards of desirable illu- 
mination which includes practically the same material as 
table 2, except that it is arranged according to foot can- 
dles instead of alphabetically. 
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Standardizing on Goodrich 


So conspicuous has been the service 
from Goodrich Axle Lighting Belts 
that a number of railroads are side- 
tracking individual specifications 
and standardizing on this belt. 


Three out of four railroads now 
use Goodrich. 


THE B. F. GOODRICH RUBBER COMPANY, Akron, OHIO 
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How Telephone Train Dispatching Increases 
the Dispatcher’s Control of Traffic 


Railway executives in charge of communication know by ex- 
perience that Telephone Train Dispatching is the most rapid, 
accurate, efficient and dependable means of directing traffic 
movements. 

By means of telephone apparatus at way-stations and sidings 
and portable instruments for emergency use, the Dispatcher’s office 
can be informed at all times of train movements and is enabled to 
direct them with greatest safety and economy. 

Warnings of dangerous track conditions can be reported im- 
mediately. ‘The positions of passenger, freight, wreck and work 
trains can be made known and orders for their safe and economical 
movement issued. Overtime is reduced by this close supervision. 

Another thing, the personal element introduced by direct con- 
tact between the Dispatcher’s Office and the train crews and 
foremen of track and bridge gangs produces more harmonious 
departmental relations. 


Essentially, the Western Electric Telephone Train Dispatching System 
is a multi-station line on which the stations are called selectively by the 
Dispatcher’s office. 

The only limitations to the speedy, accurate distribution of essen- 
tial information are those imposed by the operator’s ability to take 
down directions. This averages 100 words a minute. Obviously the 
lessened fatigue and strain imposed on operators lead to more com- 
plete reports and make possible a degree of supervision nearer 100%. 


For details get in touch with our nearest House. 
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“What a true line,” any line engineer will say on exam- 
ining the overhead work of the Pennsylvania’s 11,000-volt 
Philadelphia-Paoli electrification. 

And it will stay true for years to come, despite the almost 
incessant pounding from the current collectors of high-speed 
trains, because Phono-Electric trolley wire is a contact wire 
that is stiff enough to stay in line and hard enough to take 
theaweair 
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OKONITE TAPE 


The Standard for Rubber Insulating Tape 
ONE QUALITY ONLY 


Okonite Tape is an unvulcanized rubber com- 
pound tape for insulating splices in wires and cables. 
It is made with the same high-grade rubber, com- 
pounding ingredients, and care that characterize 
Okonite Insulation. 

As Okonite Tape is unvulcanized, it readily 
moulds into a homogeneous mass, and makes the 
splice impervious to moisture and the equal elec- 
trically and mechanically of the insulated wire itself. 

Okonite Tape has no equal and should always be 
used to obtain perfect splices. 

Standard stock package is % pound of 34” tape, 
but any width and any weight roll can be furnished. 


THIS ~ 
BOX CONTAINS — 
Y2/F OC 


MANSON TAPE 


The Standard for Friction Tape 
ONE QUALITY ONLY 


Manson Tape is a tough durable cotton fabric 
into which has been frictioned (not spread) the 
highest quality friction, (sticky) rubber compound. 
It is intended primarily for the mechanical protec- 
tion of wire and cable splices, but can be used for 
any purpose demanding a high quality friction tape. 

Manson Tape is strongly adhesive, does not un- 
wrap, and does not corrode copper wire. 

Made in two colors, black and white. 

Standard stock package is % pound of 34” black 
tape, but any width and any weight roll can be 
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FOUR-IN-ONE 


The railroad executive knows that his office em- 
ployees can work efficiently only. when they are 
under a lighting system that gives plenty of light 
ef thes RIGH POU ity 

And when we say “right quality” we mean well 
diffused, causing comparatively little shadow and 
coming from a source that is of low brightness. It 
is easy to get plenty of light, all that is necessary 
is to install large lamps, but the glare from 
these large lamps are terrific, and although 
there is a great deal of light, the working conditions 
are unsatisfactory. 

The Four-in-One fixture equipped with a Mazda 
“C” lamp solves the problem. It gives an immense 
quantity of light diffusing the rays from the lamp 
and breaking up shadows, while the fixture itself 
due to the enameling on the globe, is of low bright- 
ness and causes no glare. 

Ask our Lighting Division for a Four-in-One 
catalogue and our engineers will give you tneir 
suggestions for your lighting. 


lestsiy Cmupan 
= She F¥ouse SF Service 


316-326 South Wells Street 


CHICAGO 
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GLARE! 


If you will take this page out into a few points 


in your shops and read it under the same light that 
your mechanics work by, you will, in most cases, 
realize what one of the main causes of wasted 
time, spoilage and accidents is—inadequate light. 


And when we say “inadequate light” we do not 
mean cheap light—in fact we are absolutely sure 
you are paying too much for lighting your shops, 
especially if you count the indirect cost. 


You pay for light when an operative stops work 
to readjust a drop cord. 


You pay for light when cloudy weather makes 
accurate inspection difficult or perhaps impossible. 


You pay for light, often a staggering price, in 
the form of spoilage. 


The R. L. M. Maxolite and the Maxolite Diffuser 
installed in your shops at the correct mounting 
height and spacing distances will effect big econo- 
mies for you. Order a sample and let us suggest 
the method of installing! Then ask for bulletin 


No. 75 and give our engineers an opportunity to 
personally talk over your problems with you. 


(a e We USC — Service 


316-326 South Wells Street 


ELECTRICAL ENGINEER 7 


DELTABESTON 
HEATER CORDS 


Stranded Conductor 
ASBESTOS INSULATION 


CAB CORD 


Deltabeston heater cord is insulated entirely 
with asbestos, not having the usual cotton braid 
Due to the fact that it contains no in- 
it is used widely by the rail- 


cabs, especially 


over-all. 
flammable material, 
roads as drop cords in locomotive 
So successful has 


“Delta- 


in connection with gauge lights. 
it been that it is known to many ’roads as 


beston Cab Cord.” 


Samples will be gladly furnished on request. 


CHICAGO 
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TYPE F. F. 1412 GOLDEN GLOW HEADLIGHT 
(SHEET IRON CASE) 


Just What Constitutes a Thoroughly 
Satisfactory Glass Reflector For 
Locomotive Headlight Service? 


The application of the glass reflector to locomotive headlight service 
is fast becoming an accomplished fact because it is the only real step 
taken in years to materially improve the performance of the headlight 
and at the same time greatly lessen the cost of maintenance. These 
facts are fully recognized by the American Railroad Association and 
other Organizations, who have gone on Official record in support of 
same, as well as by leading Railroad Officials who have investigated the 
subject. 


We as pioneers in the practical introduction of the glass reflector to 
the locomotive headlight field, and basing our knowledge on many years 
of practical experience in the broad field of headlighting together with 
unstinted expenditure in research work, have learned that there are 
great differences in glass reflectors. To be successful in locomotive 
headlight service glass reflectors must possess certain vital character- 
istics properly co-ordinated; as for example, the use of proper materials 
for the glass batch, the most painstaking annealing of the rough blanks, 
grinding and polishing under highly accurate mathematical and optical 
rules, and silvering properly applied and protected. And to all of the 
above may be added the knowledge required to build a case to properly 
and effectively house such a reflector. In short, satisfactory and effi- 
cient glass reflectors cannot possibly be chosen by their general ap- 


pearance or by a specification covering their diameter, nor can cases be 
chosen only as such. 7 
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TYPE F. C. 1412 GOLDEN GLOW HEADLIGHT 
(CAST IRON CASE) 


As the leading Manufacturer of headlights embodying glass reflectors, 
used in nearly 70,000 installations on electric railway cars, steam and 
electric locomotives, etc., we are constantly bending our efforts to pre- 
vent the use of cheap and improperly made glass reflectors that by their 
poor and inefficient performance cannot help but retard and restrict 
the use of efficient glass reflectors in the field of locomotive headlight- 
ing and so deny to Railroads the manifold advantagcs to be obtained 
from same. 


A glass reflector can be no better than the experience and facilities 
of the Manufacturer producing same. As the undisputed pioneers in 
the development, perfection and introduction of highly efficient and long 
lived glass reflectors, available at a reasonable price, we offer our famous 
“GOLDEN GLOW” reflector as the most accurate, efficient and dur- 
able glass reflector obtainable for locomotive headlight service. 


Bulletin No. 182, on “GOLDEN GLOW” Headlights For Locomo- 
tive Service,’ contains a great deal of valuable information on our line 
of cases and reflectors, besides illustrating a number of our more im- 
portant types. 


We are prepared to submit samples of any of our standard types for 
service test without any obligation to purchase. May we have the 
pleasure of hearing from you on this subject? 


WRITE FOR BULLETIN NO. 182 


Exvecrric SERVICE SuPPLIES Co 


Manufacturer of Railway Material and Electrical Supplies 


PHILADELPHIA NEW YORK CHICAGO 
17th and Cambria Streets 50 Church Street Monadnock Building 


Branch Offices: Boston, Scranton, Pittsburgh 


RAILWAY ELECERICAL* ENGINEER 


IREE CABLE 


ENGINEER 


BELECTRICAL 


Perennial 
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Proa 


Found wherever 
Electricity is used 


NATIONAL PRODUCTS are 
used and recognized as standard 
on many leading railroad systems. 


re 


gucci: nt 


There is a National Product for 
every electrical. wiring need— 
for Power House Installations, 
Erecting Shops, Machine Shops, 
Roundhouses, Multiple Unit 
Cars, Battery and Car Lighting 
Systems and Offices, etc. 


All of them are built to the high- 
est standards of quality, safety 
and service. 


Write for complete catalogs, or 
consult your Electrical Jobber. 
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National Products 


SHERARDUCT 

Sherardized Rigid Steel Conduit. 
ECONOMY 

Black Enameled Rigid Conduit. 
METAL MOLDING 

The Standard for Surface Wiring. 
FLEX TUBE 

Non-Metallic Flexible Conduit. 
FLEXSTEEL 

Armored Conductors and _ Flexible 

Metallic Conduit. 

LIBERTY WIRE 

Rubber:Covered Wire and Cables. 
“NATIONAL” 

Outlet Boxes and Covers, Switch Boxes, 
Fixture Studs, Brackets, Locknuts 
and Bushings, etc. 

AUTO-STEELFLEX, AUTO-BRASSFLEX, 

AUTO-FLEX TUBE 

Conduit and Fittings for Automobile 
Wiring, Carburetor and Exhaust 
Tubing. 


National Metal Molding © 


Pittsburgh, Pa. 


. 


Atlanta Philadelphia Lima, Peru 
Boston Portland Santiago, Chile 
Chicago Salt Lake City Medellin, Colombia 
Denver San Francisco Havana 

Detroit Seattle Manila 

Los Angeles Buenos Aires Mexico City 

New York Rio de Janeiro Shanghai, China 


Sao Paulo, Brazil 
Canadian Distributors: 
CANADIAN GENERAL ELECTRIC CO., Limited 


: 
. 
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Why You Should Buy 40 Degree Motors 


A so-called single rated 50 degree motor sells for less than a standard 40 degree 
motor. 

It should sell for less—it has less material—and of course will give proportionately 
less service. 

Note the pictures below. They clearly demonstrate the necessary additional 
material required to produce a 40 degree motor. 

The feeling of safety and confidence that goes with overload capacity, lower tem- 
peratures, higher torque and better all around performance of the 40 degree motor 
is worth far more than you pay for it. 


4 


Fairbanks-Morse Motors Are 40 Degree Machines 


COMPARE THE GUARANTEES 


(Tics tea: thes MilceT Conca in Caren tens This is the Fairbanks-Morse temperature 
> 


, guarantee :— 
temperature guarantee :— 5 4 to ereieea a 
r 
Temperature rise full load .e) Fs ery anaes aaa ra 40 Cc: 
: 5 continuously ............. 
continuously ............. 0 OF 
N are 25% overload for 55° 
Andshe Satehhas 08 ECTS 2 hours’... .33-4 eee oF 
COMPARE THE WEIGHT 

This is the size of a motor designed to meet This is the size of a Fairbanks-Morse 40 degree 
the 50 degree guarantee. motor. 
Net weight, 620 lbs. Net weight, 834 lbs. 


COMPARE 
THE 
SIZE 


30 h. p. 1800 R P M 50° Motor. 30 h. p. 1800 R P M 40° moto 


Morse &9©@ 


(ELS ERE DEAD ES OD SE LRT LAS DLL EE LL CL BCD ERD ATI SCL AREY SP SESE PEF CE SS EV ae RG FEM PTE LOE TOE FAD PETG 
Oil Engines - Pumps -"Electric Motors and Generators - Fairbanks Scales - Railway Appliances - Farm Power Machinery 


r. 


— 


airbanks, 


MANUFACTURERS 
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The modern, highly devel- 
oped, self-aligning ball bearing 


is due to the world-wide studies of Ea" engineers, 


and the experience of The Skayef Ball Bearing Co. 
These made possible the development of the Self- 
Aligning bearing, whose special function besides 
carrying radial loads, is to compensate for shaft 
misalignment. 


The entire engineering experience of our organization is 
at your disposal. You are urged to submit your bearing 
problems to us for careful and impartial consideration. 


The Skayef Ball Bearing Co. 


Supervised at the Request of the Stockholders by 


& KF Industries, Inc. 
165 Broadway, New York City 


624 
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Stone Franklin Car Lighting System 


Simple . Operates without the use of 
carbon piles, dash pots, tension 
springs or crowned pulleys. 


Reliable - Proved by severe suburban and 
| fast through line service on 
thirty-three American railroads. 


Saves at. least 8% of the first 
cost of the battery. When the 
battery is fully charged the gen- 
erator is disconnected. Only 
when the generator operates be- 
low minimum full load speed is 
the battery used for lighting. 


Economical- 


Before Specifying Your Car Lighting System Investigate 
the Service Records of the Stone Franklin Equipment. 


STONE FRANKLIN COMPANY 


17 East 42nd St. 6400 Plymouth Ave. Transportation Bldg. 
New York St. Louis, Mo. Montreal 
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Ordinary Fuses Are 


OE 


a Blow-out Because 
Hard to Renew 


Bang!—and into the scrap heap it goes. That’s the 
fate of many renewable fuses—discarded before their ae 
time because they are difficult to renew. The electri- TRADE ne 
cian simply won’t bother with them. . 


How many of your fuses are scrapped in the course of a year 
while sti] good for a number of renewals? Such losses are 
stopped for all time by using easy-to-renew 


Both the knife-blade and ferrule types can be quickly re- 
loaded with a new fusible element. 


The wonderful structural strength of “Union” Renewable 
Fuses gives them the stamina to withstand more blowouts 
than any other fuse. 


Both the Renewable and Non-Renewable types in all capacities, both 250 
and 600 volts, have the unqualified approval of the National Board of 
Fire Underwriters and bear their stamp, “Und. Lab. Insp.” 


Sold by electrical jobbers and dealers everywhere. Booklet containing 
many important fuse facts mailed on request. 


The “Union” saves more than ANY other renewable fuse. 


CHICAGO FUSE MFG. CO. 


Manufacturers of Switch and Outlet Boxes, Cutouts, Fuse Plugs, 
Automobile Fuses, Renewable and Non-Renewable Enclosed Fuses 


CHICAGO NEW YORK 
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Constant 
Lamp 
Voltage 


Properly 
Charged 


Batteries 


SAFETY ELECTRIC LIGHT 


Lo DESIGNED FOR ALL CLASSES OF 
RAILWAY CAR LIGHTING SERVICE 


The SAFETY CAR HEATING & LIGHTING CO. 


New York Chicago St. Louis Boston Philadelphia San Francisco Montreal 


4 The industrial use of electrical energy derived from available 
{ water power will pay big dividends on dollars invested in this 
| development 


Hydro-Electrie Plant and 

Development — power 

from one of the greatest 
natural resources. 


Electricity—the power of progress 


Accessibility of power to industry is no longer expressed in terms 
of ‘setting the mill beside the stream.’’ Modern industry largely 
depends upon bringing the power of the stream to the mill, 
the site of which may be hundreds of miles from the source 
of water power supply—and electricity does it. 


Electricity also brings the enormous resources of the country’s 
coal mines to the public for general utility, for electrical 
energy amounting to billions of horsepower hours per year is 
efficiently and economically developed in the steam power 
plants of the nation. 


Co-ordinated research, engineering, manufacturing and com- 
mercial efforts have made such a possibility an achievement of 
quick and ample power delivery at a cost which permits rapid 
development of industry. 


The General Electric Company offers its enormous manufac- 


turing and engineering facilities as a co-operative movement 
to advance this important program of power development. 


Oil-Cooled Lransformer— 

one reason for the big 
‘ inerease in distance of 
| earrying electricity. 


Induction Type YVolt- 

age Regulator—-means 

electric power aS you 
want it, 


43B-500 


ae 


; Three Phase Static 
Condenser Equipment 
i —for power factor 
correction, 


Three Water Wheel Generator 
Sets in Modern Power Plant, 


he 


Flectric 


cogs Company wien 


Progressive industry quickly gives preference to the process 
which can show its advantages over other methods—the 
modern way ts to do tt electrically 


Tilting Type Electric 

Brass Melting FPurn- 

ace—2250 ibs. per 
hour 


Stationary Are Welding 
Set is easily installed for 


operation, 


Hlectric Rivet heater 


18 essential to quick 
work well done— 
Bulletin 69701 


Portable Are Welding 
Set permits of maxi- 
mum use 


Self-Regulating Bench 

dype Electric Melting 

Pot for metals——Bul- 
letin 69703 


2 lectric Soldering 


ron = Production 


Helps in Booklet B- 
3514 : 


Concentrated high heat efficiency, 
which immediately fuses the metal, 
is obtained by electric arc welding. 


Utilize electric heat 
to the utmost 


Electric industrial heating equipment is increas- 
ing production wherever it is applied. One of 
the most essential of electric heating methods is 
electric arc welding. 


Electric arc welding maintains advantages in 
quantity, quality, and cost—wherever iron or 
steel is to be joined in repair work, salvage, or 
original manufacture. The utilization of its 
possible applications extends over steel and iron 
works—boiler shops—foundries—repair shops— 
machine shops—and innumerable other in- 
dustries. 


An unusual simplicity and elasticity of operation 
has been perfected in the designs of Stationary 
and Portable Arc Welding Sets manufactured by 
the General Electric Company. This equipment 
can be provided for either group or single oper- 
ator service, and generator can be driven by any 
source of power—engine, belt, d-c. or a-c. motor. 
Send for Bulletin 48932-A. 


Many users of electric power keep pace with industrial 
advancement by judicious application of motors which 
**keep step’ with the current generator 


Synchronous Motors are 
essential to power station 
equipment. 


Synchronous Motors— why 
used and where 


Realization of the benefits jof synchronous motor 
drive to practically all classes of industry today has 
been established by the unexcelled performance of 
this equipment in thousands of applications. 


Vertical Synchronous Mo- 
tor on deep well pump at 
packing plant——-2000 gal- 
lons water per minute. 


The continued maximum efficiency and durable 
operation of the synchronous motor have demon- 
strated their dollar-earning and dollar-saving quali- 
fications in Steel Plants—Automobile Factories— 
Railroad Shops—Paper, Rubber, Flour, Cement and 
other Mills—where greater and more uniform pro- 
duction has beenobtained at lowermaintenancecost. 


Synchronous Motor direct 
connected to two 4-pocket 
grinders in paper mul. 


In addition to carrying a load, the synchronous 
motor is an efficiency guide to the power factor of 
the distribution system—bolstering up the laggard 
that eats into profits, cuts down output, and over- 
works machinery. 


The recognized merits of the synchronous motor tell 
why you should use it. Ask specialists of the General 
Electric Company where its application fits your par- 
ticular needs. Bulletin No. 41310 gives detailed uses 
of synchronous motors, and will be sent on request. 


Synchronous Motors with Direct- 
ae Connected Exciters driving triplex 
remeptes pumps at concentration mill of cop- 
per company. 


4 
{ 
H 
| 
{ 

es 
h 
| 


o 


The rush of datly trade makes quick and systematic handling 
of materials imperative at ports, freight depots and industrial 
plants 


fostered pips sb 


250-Volts Trolley Type 
Surface Locomotive hauls 
material direct from ship 
to warehouse. 


Electricity does this most 
economically 


The numerous applications of electricity to operating locomo- 
tives, conveyors, winches, stacking machines, cranes, hoists, 
tractors, and other mechanical devices—all have the same 
quick clearance effect on heavy traffic of the world’s supplies 
at terminals. 


Barrels, boxes, crates, bales, rolls—by the ton—all moving 
about in every direction. No collisions, no accidents, no 
damage of goods—for electricity keeps everything moving 
quickly and orderly. 


The savings range all the way from a seventeen day reduction 
in the round trip time of an ocean liner, to the marked economy 
of electrically piling from thirty to fifty feet high—a thousand 
pounds of material per minute. 


Your individual needs of material handling equipment can best 
be filled by the manufacturers, who in solving your problems, 
obtain the specialized electrical experience and products of 
the General Electric Company. 


Tractor and Trailers 
make quick headway 
in moving materials, 


* 


OS ACN aN SSOP a LSE 


General Office 
Senenecta NY. 


eat rest Be Bt PU aes 7 
EE EMR eRe Tey “fe Wh” MEARS sea Pek 


Electric Portable Cone speeds unioadi rs 
with oe ft. gary from slip to es oe 


Electric Portable Stacker piles 1000 
_ Ibs. per minute up to 50 ft. high. 


Portable Dock Winch—électric motor-driven 


septic cn cme nme cemnaS nat tiie deities sorysink aan tees it. — 
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Exide 


BATTERIES 


Always Ready for 
Any Change of Schedule 


Woll.can tetake an Hes, B: Axle Lighting 
System unawares. 


Change it from a suburban to a transconti- 
nentalrun. Bring it in from a local and send it 
out again on express schedule. Put it in any 
eee See kind of service and it is immediately ready for 
lamps perform all the : ; 
functions of the numer- duty without re-adjustment. 
ous moving and wear- 


ing parts of most lamps 
and field regulators. 


xm —— Ballast Lamp 


Wicea Matter ol tact, theres nothing on-an 
Do oa oyctemto adjust. «lhe renératonout® 
put is automatically regulated for every 
change of load condition by the constant volt- 
age control. 


This simplicity also eliminates pole chang- 
ers, lamp regulators, carbon piles and dash 
pots. 


In numerous other ways E. S. B. Systems 
are making the work of car lighting depart- 
ments easier while reducing costs to a very 
noticeable degree. 


If you haven’t received your copy of the new 
bulletin on car lighting, send us your name. 


THE ELECTRIC STORAGE BATTERY CO. 


Oldest and largest manufacturers in the world of Storage Batteries 
for every purpose. 


Control Panel 1888 PHILADELPHIA 1921 
The entire regulating appa- A Sot 
Cieee ree Gk OS. Ro Car Branches in seventeen cities 


Lighting Equipment. Exide Batteries of Canada, Limited 133-157 Dufferin Street, Toronto 
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THE OKONITE COMPANY, Passaic, New Jersey 


Incorporated 1884 


CENTRAL ELECTRIC CO., Chicago, IIl., General Western Agents 
F. D. Lawrence Electric Co., Cincinnati, O. Novelty Electric Co., Philadelphia, Pa. Pettingell-Andrews Co., Boston, Mass. 
The Okonite Company, Atlanta, Ga. 


hs Sane a? Cleon 
: as : 
Mixing 
: = —— and : 
a Calendering 
In order to pro- : 
duce perfect insu- _ 
lation, care must 
: be used in mixing — 
or compounding. | 
The Okonite com- 
pound is thor- : 
oughly and care- : 
fully ground and | 
mixed and then 
= laid aside for sev- : 
eral days to sea- | 
After seasoning _ 
it is warmed and — 
calendered to the : 
required thick- 
ness on heavy : 
sheet tin. : 
Okonite Insulating and / 
: Manson Friction Tapes | 3 
; Calendering Compound on Tin : 


SANNA 


PESTA ene 


Tk 
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“Spiralweave” 


Cables 


for Light and Power 


eSpiralweave @ Cables “are 
self-sufficient. The particular 
method of weaving the out- 
side covering overcomes all 
tendency - of the cable - to 
stretch and bulge as it is 
pulled and doubled about. 
The threads lie so as to direct- 
ly counteract all pulls and 
surface abrasion. 


Used as small Portable Ca- 
bles for power and light 
around shops, they outwear 
cables that are protected only with loosely woven cover- 


ings that stretch and throw the burden of the pull onto 
the wire itself. 


Used as Mine Shaft Signal Cables, the warp threads 
run lengthwise of the wire and directly support the 
cable without the use of steel supporting wires. 


The heavy insulation, of carefully prepared and com- 
bined material and proper rubber vulcanization, gives 
full protection against moisture or sulphur water. 
“Spiralweave” can often be used in place of lead cov- 
ered cables where there is danger of electrolysis. 


Undoubtedly, there are many places where you have 
felt the need for an unusually durable power or light 
cable. You should surely investigate “Spiralweave,”’ 
for it is filling just such needs in a way that speaks for 
itself. Let us tell you about the service it has given 
in cases similar to yours. 


Hazard Manufacturing Company 


New York Pittsburgh Chicago 
533 Canal St. 2213 First Nat’l Bank 552 W. Adams St. 


Denver Birmingham 
1415 Wazee St. 1701 First Ave. 


Wilkes-Barre, Pa. 
Makers of Quality Wire Rope since 1848 


HAZARD Wires x , 
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- GPS prices Sithe py, 


DATA Reg. 


SOF 


° Sd x. 


{ Lengrh Sees 


& Are Sings gx cOmmuitay 


: OF bei, : 
& ASE Surface bys 
SEE yy. 
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competent men will tell you for the asking : 


N° matter if you operate only one motor or gener- 
ator—you will find us interested and glad to —— 
recommend the exact grade of brush required by its  nrsional Cordon Data Sheet Ser. 


design and your specific work. ee ested ine hes hie 
NATIONAL CARBON COMPANY 
Incorporated f 
CLEVELAND, OHIO sass SAN FRANCISCO, CALIF. CaN 
Canadian National Carbon Co., Limited, Toronto : 


ee 
oe 


Send in this coupon today. It does not obligate you in any way 


NATIONAL CARBON COMPANY,INC. Firm 
CLEVELAND, OHIO 


‘ ; No. and: Strect_ = = = a ee eee eee 
I wish your recommendation, which 


you advertise to be free of charge, as 
to the best grade of brushes to meet 
working conditions here. Please send We operate generators; motors; rotary converters 
one of your Data Sheet Blanks for How many! How many? How many? 
each machine. I will fill it out and 


return it to you. Sigmed by 


EEE ee eee 


Town State 
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Cast Aluminum Electric Classification 


OLIVER ELECTRIC & MANUFACTURING COMPANY 
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and Marker Lamps 


Electric Weatherproof lamps of non-corrosive cast metal sub- 
stantially constructed, and easily wired. Built to withstand the 
rough usage incidental to Railroad service. 


All types are furnished with mounting bracket to fit the socket 
now used for oil lamps. 


The lamps revolve in the brackets so they can be placed at any 
angle desired eliminating the necessity of right and left lamps. 


The Classification lamp has a throw over device inside the 
housing, arranged with green color screen which is operated by a 
handle on the outside to give the color desired. 


It is not necessary to open the lamp to change the colors. 


The Marker lamp has one red and three green semaphore 
lenses. 


The color change is obtained by revolving the lamp in the 
bracket. 


The housing on all types of lamps is standard so that classifi- 
cation lamps can be converted into Marker lamps and vice versa. 


Lamps can be furnished with lenses of any standard color. 


Write for Bulletin 


ST. LOUIS, U. S. A. 
WESTERN ELECTRIC COMPANY, DISTRIBUTORS 
Offices in All Principal Cities 
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Standard unit battery charging switchboards that can be 
enlarged as the need arises are the choice of far-seeing rail- 
road electrical engineers 


These G-E Switchboards 
Build-up Like Filing Cabinets 


oe buy filing cabinets by units and add new ones as 

the old sections become overloaded. G-E Stand- 
ard Unit Battery Charging Switchboards for charging train 
lighting, baggage-and mail truck batteries, are as flexible 
as filing cases. When the beard in service is overtaxed 
new panels can be added without disturbing the original 
installation to any degree. 


G-E Switchboards are backed by over a quarter century 
of experience in design and construction. The Company 
offers you a product which represents the last word in 
distribution apparatus. 


The nearest G-E office will gladly give you further 
details. 


iS) 
eneralVl@erlectric 
i Sales Offices in 
cuaicte Company Bie as o. 
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Definite control and full protection over every motor in a 
machine shop guard against breaks in production 


CR 7006-Al ‘Enclosed Magnetic Switch 
and CR 7052-Ai Automatic Starting 
Compensator are totally enclosed—may 
be installed in out-of-the-way places— 
contacts and other operating parts are 
readily accessible for inspection and 
maintenance, 


Magnetic Control Aids Output 


the line and CR 
7052 Automatic 
Starting Compen- 


sators for squirrel cage induction motors 
are in successful use— meeting severest 
service in many installations. 


Hands are often careless and inexact in 
controlling electric motors. G-E magnetic 
control does it reliably—not only protect- 
ing motors against overload and under volt- 
age, but also giving security to operators. 
It is the sort of control that keeps machines 


on the job every minute. With these substantial, easily-installed con- 


Thousands of CR 7006 Enclosed Magnetic 
Switches for starting small alternating cur- 
rent motors by throwing them directly; on 


trollers, machines can be started and 
stopped by convenient push buttons, or 
automatically operated by float switches or 
pressure governors. 


Ask our nearest office for complete information 


Schenectady, NY 


SN 
CNSSS 
N : 


Sales Offices in 
all large cities. 
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A reliable pulley for 
car lighting 


Car axle lighting pulleys must run in sand and mud 
in summer, in ice, slush and snow in winter. They must 
withstand jolts and jars of rough road beds at all seasons. 

To give satisfactory service under these severe condi- 
tions requires an exceptionally strong pulley and a bush- 
ing that will positively prevent it from slipping on the 
axic: 


The Keystone car lighting pulley 
with Oneida corrugated bushing 


The combination of Keystone steel pulley and Oneida corru- 
gated steel bushing is standard with many of the best car build- 
ers in America. 

The design of the pulley and the materials from which it is 
made insure maximum strength and endurance. 


The bushing fits either straight or The pulley 


tapered axles. It grips the axle firmly 
under all conditions. 

Write us for full information regard- 
ing this practical combination. 


Dodge Sales and Engineering Co., 


Oneida, N. Y., U. S. A. 
Distributor of the Products of Dodge Mfg. Co. and 
Dodge Steel Pulley Corporation 


Originators of Steel Railroad Pulleys and Steel 
Corrugated Bushings 


The bushing 


Handy Books for Electrical Engineers 


STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS—F. E. Fowle 

A handbook written for engineers in practice by over sixty of the leading engineers in the field. There are 
twenty-five sections covering the following subjects: units and tables, electric and magnetic circuits, measurements 
and measuring apparatus, properties of materials, magnets, induction coils, condensers, transformers and rectifiers, 
alternating and direct current generators and motors, convertors, power plants, power transmission, distribution 
system, interior wiring, illumination, industrial motor applications, electric railways, vehicles and ships, electro- 
chemistry, batteries, telephony, telegraphy and radio telegraphy, miscellaneous application of electricity. 2,000 
pages, Hexible binding. ELECTRICAL ENGINEER’S POCKETBOOK—H. A. Foster mg 90.00 

A handbook of useful data for electrical engineers and electricians. After giving the symbols and measure- 
ments used it takes up the subjects of electro-magnets, properties, relations and dimensions of, conductors, under- 
ground conduit construction, cable testing, dynamos and motors, static transformers, illuminating engineering, arc 
lighting, incandescent lighting, electric street railways, electrolysis, meters, storage batteries and many other closely 
related subjects. 1,636 pages, 1,128 illustrations, 718 tables, full leather. $5.00 


HANDBOOK FOR ELECTRICAL ENGINEERS—H. Pender 
Combines the essential features of a library of electrical books, Clear style and convenient arrangement makes it suitable for those studying 
electricity and for practical electrical engineers. 2,023 pages, flexible ‘‘Fabrikoid’’ binding $7.00 
ELECTRIC TRACTION FOR RAILWAY TRAINS—E. P. Burch 


Designed to show the remarkable development of electric traction for railway trains during the years just preceding 1911. The subject is 
treated in general from the viewpoint of a steam railroad engineer who desires to study electric motive power. 583 pages, fully illustrated. $6.00 


ORDER TODAY—AVOID DELAY HEAVY ELECTRICAL ENGINEERING—H. M. Hobart 


lit 
Book Service Dept., 
SIMMONS-BOARDMAN PUBLISHING CO., 
Woolworth Bldg., New York, N-vy. 


Enclosed find $.......... , for which please send me, prepaid, the 
books I have checked below: 

(] Stardard Hdbk. for Electrical Eng.—Fowle 

Hdbk. for Electrical Eng.—Pender 

Electrical Eng. Pocketbook—Foster 

Heavy Electrical Engineering—Hobart 

Elect. Traction for R. R. Trains—Burch 


i ay 


Covers the overall efficiency of generating station relation between 

coal consumption and outgoing electrical energy, steam raising plants, 

piston engines and steam turbines, condensing plant, electric generating 

plant, design of generating stations, high tension transmission lines, high 

tension continuous current series system, electric traction, calculations, 

traction motors and electrification of railways. 330 pages, illustrated. $4.50 
GIFT BOOKS 


What gift would a man appreciate more than a book that helps 
him get forward ? 


Simmons-Boardman Publishing Co. 
Book Service Dept. 
Woolworth Bldg. 34 Victoria St. 


Westminster S. W. 1 
New York, N. Y. London, England 
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BULLDOG 
No. 4675 NATIONAL 


4 


— 


= 
=. 


A Very Strong 

Guard Made of 
Bessemer Steel 
Copper Plated 


Strongest 
Portable 


NO. 1451 Pp Jai 
Strong Portable Lamp—FEasily Removed orceain 
Stands on End Socket 

Heavily Tinned 


Heavily 


McGILL GUARDS ~ 


FOR EVERY PURPOSE 


Largest Makers 
of Guards in 
America 


: NO. 1425 
NO. 1443 Write for No. 19 Catalog and Price List. LOXON 


LOXON GUARD 
REFLECTOk 
GUARD M cGI |B) L All Sizes 


Ideal for Prevents 


"for aching MANUFACTURING ee 
op = 


Keeps Light From COMPANY Fire 


Eyes Heavily 
Prevents Theft VALPARAISO Tinned: 
alee INDIANA 


MEER sip ey eines : 


How O-B Materials Serve in Electrification 


O-B High Tension Insulators are on the job at the station which feeds trans- 
mission lines equipped with O-B Insulators. 
Material with the O-B Trade Mark carries the overhead trolley line. 


The rail joints are bonded with O-B Rail Bonds and O-B Insulators carry the 
conductor rails where third rail construction is used. 


These are the five ways in which O-B Materials serve the Electrified Steam 
Roads. 


THE OHIO BRASS COMPANY 


Mansfield Ohio, U. S. A. 
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ANDERSON 


AUTOMATIC 
TIME SWITCHES 


Eliminate the human element. 
Much power can be saved on 
your system by the installation 
of Anderson Automatic Time 
Switches on your yard lights, 
platform lights, etc., which 
open and close your circuits 
at a set time with absolute 
precision. 


These switches protect you 
against forgetful, inattentive 
and inaccurate service from 
your men. 


Anderson Automatic Time 
Switches now in service are 
eminently satisfactory to the 
users. 


Albert & J. M. Anderson Mfg. Co. 
289-305 A Street, Boston, Mass. 
NEW YORK—135 Broadway 
PHILADELPHIA—429 Real Estate Trust Bldg. 
CHICAGO—105 S. Dearborn Street . 


Insulate With 
Threaded Rubber 


Six years ago Willard began 
the manufacture of Threaded 
Rubber Insulation for auto- 
mobile storage batteries. Since 
then nearly a million motor 
carowners have come to know 
the reliability and economy of 
Threaded Rubber. 


There is only one Threaded 
Rubber Insulation—and that 
is made by Willard. It is dis- 
tinguished by the thousands of 
tiny threads that pierce each 
insulator. It is now available 
for train lighting batteries. 

It’s the threads and the #ub- 
ber that make the difference. 
The rubber insulates. “The 
threads permit free circula- 
tion of battery solution. 

When you're overhauling 
batteries it pays to insulate 
with Threaded Rubber. 


Willard Storage Battery Company 
Cleveland, Ohio 
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Progress 


in the art of electric cable 
making can only be se- 
cured by constant re- 
search and experimental 
work on the part of spe- 
cialists familiar with the 
needs of the electrical in- 
dustry. 


STANDARD 
Wires and Cables 


are the result of almost 
40 years of progress se- 


cured in this manner and, 
therefore, represent the 
highest development of 
the art. 


The illustration shows 
one of the most recent 
STANDARD developments. 


New STANDARD ‘Type H Cable For complete information 
25,000 Volts, (34 Actual Si) Write our nearest office. 


Standard Underground Cable Co. 


Boston Washington Detroit Salt Lake City 
New York Atlanta Minneapolis San Francisco 
Philadelphia Chicago St. Louis Seattle 
Pittsburgh Los Angeles Kansas City 


For Canada: 
Standard Underground Cable Co. of Canada, Ltd., Hamilton, Ont. 


Motor 


Built to Last 


Extended copper rotor bars 
radiate heat from the rotor and 
at the same time fan the stator, 
reducing temperature rise. Inter- 
locking fingers grip the stator 
laminations with a hold that 
cannot be loosened. Ball-bear- 
ings prolong life and maintain 


most efhcient operating charac- 
teristics. 


Two and Three Phase 
Motors in twelve sizes, 


¥g to 30 h. p. 


Single Phase Motors 
in seven sizes, 


Yetolh.p. 


Write for Bulletin No. 7. 


Valley Bleetrie Compas 


3157 South Kingshighway, 
St. Louis, Mo. 


a uniform air gap which insures} 
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Base Your Purchases 


on Results of Tests 
Vee invest large sums of money 


in new electrical equipment. It 
is well worth a small premium to 
know that the materials you use an- 
swer your specifications in every de- 
tail before your construction costs 
are piled on. 


Protect these investments at the time 
of purchase by tests. 


The Electrical Testing Laboratories 
offer a testing service to supplement 
or supplant your testing work— 
supplying laboratory service when 
you want it— with no carrying 
charges when you don’t. 


Ask for test reports. 


Electrical Testing Laboratories 
80th St. and East End Ave., New York 


“Y AGER’S” 


TRADE-MARK REGISTERED 


SOLDERING 
SALTS 


If you have a supply of this standard flux in your stock- 
room, you are well prepared to handle any soldering job. 
Order yours now of your jobber. ¥% lb., 1 Ib. and 5 lb. 
enameled cans. 


Arclt. Benson Company ine 


HUDSON, N. Y. 
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A. C. FLOATING BATTERY 
SYSTEM 
Valley Electric Co. 


ARC WELDING EQUIPMENT 
General Electric Co. 
U. S. Light & Heat Corp. 


ARRESTORS, LIGHTNING 
Electric Service Supplies Co. 
General Electric Co. 
Western Electric Co. 


AXLE PULLEYS 
Dodge Sales & Engineering Co. 


AXLE PULLEY BUSHINGS 
Dodge Sales & Engineering Co. 


BATTERIES, DRY 
National Carbon Co. 


BATTERIES, ELECTRIC 
Electric Storage Battery Co. 


BATTERIES, STORAGE 
Electric Storage Battery Co. 


ld Coupler Co. wes 
ony Car Heating & Lighting Co. 
Western Electric Co. 

U. S. Light & Heat Corp. 


Willard Storage Battery Co. 


BATTERY CHARGING APPARA- 


ieee Mfg. Co., Albert & J. M. 


General Electric Co. 
Valley Electric Co. 
Western Electric Co. 


BEARINGS, AXLE GENERATOR 
Oliver Electric & Mfg. Co. 
S. K. F. Industries, Inc. 
BEARINGS, BALL 
S. K. F. Industries, Inc. 


BEARINGS, BALL THRUST 
S. K. F. Industries, Inc. 


ONDS, RAIL : 
a E’ectric Service Supplies Co. 


General Electric Co. 
Ohio Brass Co. 


ES, CABLE JUNCTION | 
parr Underground Cable Co. 


BOXES, CONDUIT OUTLET 
Central Electric Co. 
National Metal Molding Co. 


BOXES, SWITCH 
Central Electric Co. 


BRAKES, ELECTRIC 
General Electric Co. 


BRUSHES, GENERATOR 
National Carbon Co. 


BUFFERS) 
Valley Electric Co. 


CAB LIGHTING FIXTURES 
Central Electric Co. 
Oliver Elec. & Mfg. Co. 


CABINETS . 
Central Electric Co. 


CABLE, ARMORED AND LEAD 
COVERED | 
Central Electric Co. 
General Electric Co. 
Hazard Mfg. Co. 
Kerite Insulated Wire & Cable Co. 
Standard Underground Cable Co. 
Western Electric Co. 


CABLE, INSULATED 
Generat Electric Co. 
Hazard Mfg. Co. 
Kerite Insulated Wire & Cable Co. 
Standard Underground Cable Co. 


CABLE, TELEPHONE 
Central Electric Co. 


CABLE TERMINALS | 
Electric Service Supplies Co. 
Standard Underground Cable Cc, 
Western Electric Co. 


CAR LIGHTING EQUIPMENT 
American Metal Products Co. 
Electric Storage Battery Co., The 
Gould Coupler Co. ee 
Safety Car Heating & Lighting Co. 
Stone Franklin Co. ; 
U. S. Light & Heat Corp. 


CAR LIGHTING GENERATORS 
Stone Franklin Co. 


CAUSTIC SODA CELLS 
National Carbon Co. 


CHANGERS, ELECTRIC LAMP 
McGill Mfg. Co. 


CHARGING OUTFITS 
Valley Electric Co. 


CHARGING PLUGS & RECEP- 


TACLES 
Central Electric Co. 


CIRCUIT BREAKERS, CARBON 
General Electric Co. 


CIRCUIT BREAKERS, OIL 
General Electric Co. 


COLORING FLUID, ELECTRIC 


LAMP - 
McGill Mfg. Co. 


COMPOUND, CHATTERTON IN- 
SULATING 
McGill Mfg. Co. 


COMPRESSORS, AIR 
General Electric Co. 


CONDUIT FITTINGS 
Central Electric Co. 
Chicago Fuse Mfg. Co. 


CONDUIT, FLEXIBLE METALLIC 
Central Electric Co. 
National Metal Molding Co. 


CONDUIT, RIGID 
Central Electric Co. é 
National Metal Moldin, wo. 


CONTROL APPARATUS | 
Safety Car Heating & Lighting Co. 


COPPER RODS AND TUBES 
Standard Underground Cable Co. 


CUTOUTS, ENTRANCE 
Chicago Fuse Mfg. Co. 


CUTOUTS, PLUG AND PANEL 
Chicago Fuse Mfg. Co. 


DYNAMOS 
Stone Franklin Co. 


ELECTRIC GENERATORS 
Stone Franklin Co. 


ELECTRICAL APPARATUS AND 
SUPPLIES 
Central Electric Co. 
Electric Service Supplies Co. 
General Electric Co. 
Western Electric Co. 


ELECTRIFICATION 
TION MATERIALS 
Ohio Brass Co. 


CONSTRUC- 


ELECTRIFICATION OF 
ROADS 
Genera} Electric Co. 


STEAM 
ELECTRODE 
National Carbon Co. 
FANS, CAR 
Central Electric Co, 
General Electric Co. 
Safety Car Heating & Lighting Co. 


FANS, DESK AND BRACKET 
Central Electric Co. 
General Electric Co. 
Western Electric Co. 


FARM LIGHTING GENERATORS 
Valley Electric Co. 


FIXTURES, CAR LIGHTING 
Oliver Elec. & Mfg. Co. 
Safety Car Heating & Lighting Co. 


FIXTURES, OFFICE, SHOP AND 
YARD LIGHTING 
Central Electric Co. 
Westinghouse Elec. & Mfg. Co. 


FLASHLIGHTS 
National Carbon Co. 


FLUX, SOLDERING 
McGill Mfg. Co. 


FUSES, CARTRIDGE 
Central Electric Co. 
Chicago Fuse Mfg. Co. 
General Electric Co. 


FUSES, ELECTRIC 
Federal Electric Co. 


FUSES, PLUG 
Chicago Fuse Mfg. Co. 


FUSES, NON-RENEWABLE 
Chicago Fuse Mfg, Co. 


FUSES, REFILLABLE 
Central Electric Co, 
Chicago Fuse Mfg. Co. 


GENERATORS 
Safety Car Heating & Lighting Co. 


GENERATORS, AXLE DRIVEN 
Safety Car Heating & Lighting Co. 


GENERATORS, CAR LIGHTING 
Electric Storage Battery Co. 
Gould Coupler Co. 

Stone Franklin Co. 
U.S. Light & Heat Corp. 


GENERATORS,. HEAD-END 
Gould CouplerCo. 

GENERATORS, POWER AND 

LIGHTING 

General Electric Co. 

Western Electric Co. 


GUY ANCHORS 
Crouse-Hinds Co. 


HANGERS, CATENARY 
Ohio Brass Co. 


HANGERS, DISCONNECTING 
LAMP 


Thompson Electric Co. 


HEADLIGHT REFLECTORS AND 
CASES 
Electric Service Supplies Co. 
General Electric Co. 
Sunbeam Electric Mfg: Co.: 


HEADLIGHT TURBO GEHERA- 
TORS 
Electric Service Supplies Co. 
General Electric Co. 
Sunbeam Electric Mfg. Co. 


INSTRUMENTS, ELECTRICAL 
(See Meters) 


INSULATING COMPOUNDS 
Electric Service Supplies Co. 
Standard Underground Cable Co. 


INSULATING MATERIALS 
Central Electric Co. 
Electric Service Supplies Co. 
General Electric Co. 


INSULATORS 
Electric Service Supplies Co. 
Ohio Brass Co. 
Western Electric Co. 


INSULATORS, CATENARY 
Ohio Brass Co. 


INSULATORS, THIRD RAIL 
Electric Service Supplies Co. 
Ohio Brass Co. 


INTER-COMMUNICATING TELE- 
PHONES 
Western Electric Co. 


LABORATORIES 
Electrical Testing Laboratories 


LAMP GUARDS 
Electric Service Supplies Co. 
McGill Mfg, Co. 


LAMP GUARDS, PORTABLE 
McGill Mfg. Co. 


LAMPS, CAR LIGHTING AND 
HEADLIGHT 
Electric Service Supplies Co. 


LAMPS, FLOOD 
Central Electric Co. 


LIGHTING MAINTENANCE 
EQUIPMENT ; 
Thompson Electric Co. 


LIGHTING UNITS, INDOOR AND 
OUTDOOR <4) 
Central Electric Co. 
Westinghouse Elect. & Mfg. Co. 


LIGHTING UNITS, SPECIAL 
Benjamin Electric Mfg. Co. 


LINE MATERIAL 
Bridgeport Brass Co. 
Central Electric Co. 

Electric Service Supplies Co. 
General Electric Co. 

Ohio Brass Co. 

Western Electric Co. 


LOCOMOTIVES, ELECTRIC 


General “Electric Co. 


LOCOMOTIVES, INDUSTRIAL 
AND MINE 
' General Electric Co. 


MAGNETIZERS 
Valley Electric Co. 


MAGNETO TESTERS 
Valley Electric Co. : 


METERS, A. C. AND D. C,, 
RECORDING 
General Electric Co. 


METERS, A. C. AND D. C., 
SWITCHBOARD , 
General Electric Co. 


METERS, A. C. AND D. C., 
WATT HOUR 
General Electric Co. 
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One Man In| 
Five Minutes | 


—can dismantle and inspect this 
wonderful headlight and gen- 
erator. Many of America’s best 
railroads are wise to the great efh- 
ciency and economy of 


N/A ANG))// 


Electric Headlights and Turbo Generators 


““There’s no trouble, no mainte- 
nance, and a better light with the 


Sunbeam Headlight,’ says an 


eastern General Roundhouse 


Foreman. 


Improvements 


Ball bearings with constant and 
never-failing lubrication. Com- 


pact, dust-proof, rigidly con- 
structed. No ruinous vibration of 


globe. Improved focusing device 


and lamp support. 


Very economical on steam. Sim- 
plicity itself, and there’s no neces- 


sity to lay up an engine for head- 
light inspection where the Sun- 


beam is used. 


Write for full particulars, free 
Headlight Instruction Book, etc. 


SUNBEAM ELECTRIC MANUFACTURING CO. 


(Formerly Schroeder Headlight and Generator Co.) 


EVANSVILLE INDIANA U. S. A. 
America’s Foremost Headlight Builders for 30 Years. 
NEW YORK CHICAGO ST. LOUIS SAN FRANCISCO 


52 Vanderbilt Ave. 1051 McCormick Blidg. 796 Arcade Bidg. 507 New Call Bidg. 


Mv TROR OR= SREC ETERS AND CON- 
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MOTORS 
Valley Electric Co. 


PROJECTOR CARBONS 
National Carbon Co. 


MOTOR GENERATOR SETS 


? LI 
Valleyt Became PROJECTORS, FLOOD LIGHT 


Electric Service Supplies Co. 
Western Electric Co. 


MOTOR AND GENERATOR 
BRUSHES 
National Carbon Co. RECTIFIERS 


Valley Electric Co. 


MOTOR CARS, GAS-ELECTRIC 
Fairbanks, Morse & Co. 


General Electric Co. - REFLECTORS 


Central Electric Co. : 
Electric Service Supplies Co. 

Safety Car Heating & Lighting Co. 
Westinghouse Elect. & Mfg. Co. 
Shes Co., A. & J. M. 

General Electtic Co. 


Western Electric Co. REFLECTORS, CAR LIGHTING 


Safety Car Heating & Lighting Co. 


MOTORS, A. C. AND D. C. 
Fairbanks, Morse & Co. 
General Electrie Co. 

Western Electric Co. 


REGULATORS, CAR LIGHTING 
Electric Storage Battery Co. 
Gould Coupler Co. 

U.S. Light & Heat Corp. 


MULTIPLE-UNIT CARS, ELEC- 
TRIC 


General Electric Co. REGULATORS, GENERATOR 


Safety Car Heating & Lighting Co. 


PANEL BOARDS 


Benjamin Electric Mfg. Co. REGULATORS, 


LAMP 
Safety Car Heating & Lighting Co. 


PHOTOGRAPHIC CARBONS 


Natednitatee Ce REPAIR PARTS, AXLE LIGHT- 


ING EQUIPMENT 
Oliver Electric & Mfg. Co. 
PLUGS AND RECEPTACLES, ARC 
WELDING 
Anderson Co., A. & J. M. 
General Electric Co. 


REPAIR PARTS, --ELECTRIC 
HEADLIGHT 
American Metal Products Co. 
Oliver Electric & Mfg. Co. 


PLUGS AND ~+RECEPTACLES, 
BATTERY SENG Ne 
Anderson Mfg. Co., A. & J. M. 
Central Electric Co. 


RHEOSTATS, FIELD 
General Electric Co. 
Valley Electric Co. 


PLUGS AND RECEPTACLES, 
POLYPHASE AND MULTIPLE 
Central Electric Co. 

Oliver Electric & Mfg. Co. 


SELECTIVE APPARATUS FOR 
TRAIN DISPATCHING 
Western Electric Co. 


i STARTING 


SHADE HOLDERS 
Westinghouse Elect. & Mfg. Co. 


SHOP AND YARD LIGHTING 
Oliver Electric & Mfg. C 


SIGNAL SYSTEMS, INDUSTRIAL 
Benjamin Electric Mfg. Co. 


SOCKETS, ELECTRIC PULL 
CHAIN 
McGill Mfg. Co. 


re See AND RECEPTACLES, 
Central Electric Co. 
Westne bees Elect. & Mfg. Co. 


SOLDERING pest AACN as 
Benson Co., Alex. 


AND LIGHTING 


e 


BRUSHES 
National Carbon Co. 


STORAGE BATTERIES 
Electric Storage Battery Co. 
Gould Storage Battery Co. 


National: Carbon Co. 
U.S. Light & Heat Corp. 


SWITCHBOARDS 
Anderson Co., A. & J. M. 
General Electric Co. 


SWITCH BOXES 
Chicago Fuse Mfg. Co. 


SWITCHES, AUTOMATIC TIME 
Anderson Co., A.&J.M. 


SWITCHES, ENCLOSED S 
(SAFETY) 
General Electric Co. 
Western Electric Co. 


SWITCHES, END CELL __ - 
Andersoh Mfg. Co., A. & J. M. 


SWITCHES, HEADLIGHT 
Electric Service Supplies Co. 


ALPHABETICAL INDEX 


Anderson Wiitorm Cor, Alberts & Jig ecient ieee eee oe 32 
Betison’ Go. Alex. Ritiasacwotcie dae ace cana oe ie pitta) 
Bridgeport Brass: (Cowtetsaercesestetreskteote cai einer cteut ee ncaeen es 4 
Buyers’, “Reference.'3. Wccwccreosine tte cee ee eae 34, 36 
Central SHlectric! Cotci cc cast onesies ee eerie ne ete Osanes/ 
Ghicago Fise sMig: 1Co%.... acs cstecieletere hee tmenene iterates © 17 
Dodge. Sales) &  Engineerings Gor ia eee. oe 30 
Electric: Services Supplies! Conmytae eee ican eee eens 89 
Electric “Storage (Battery, Co. lhe «cen ee eee: o 23 
Electrical” Lesting Laboratoniesmina-aaritniceree cic eee eerie: « 33 
Fairbanks, = Morse: -& “Co. ectaden tee ee ess. 14 


General Bilectrics Co... noe seen ke 19, 20, 21, 22, 28° 29 
Bet. Goodrich) Rubber Commerce tee Geriaiee Front Cover 
Gould Coupler..Co-); Aone cited eee ee ee. 3 
Gould -StoragesBattery.,Coteaadsee tc aeeter meet ae 3 
Hazard Mig; AGG! «3 cess 6 eer eater 25 


Ohio Brass Co., 
cue Co 


Safety Car Heating & Lighting Co 
Simmons-Boardman Pub. Co..... 


Standard Underground Cable 


Dione Hianiclinus Conse een eee 


Westinghouse Electric & Mfg. Co. 
Willard Storage Battery Co..... 


Fo Xe. 00a ee }01e 188016, ores) efore, bletinloliwia’ ep «i ain) «| .«\'s\ ai siceib ellen nila; anana eit 


SWITCHES, ny E 
Anderson Co. .A.& J. M. 
General Electric Co. 


SWITCHES, SNAP, PUSH ANB 
PENDANT 
Benjamin Electric Mfg. Co. 


TAPES 
Okonite Co. 


TELEPHONE APPARATUS 
Western Electric Co. 


TRANSFORMERS, INSTRUMENT) 
General Electric Co. 


Electric Service Supplies Co. 
General Electric Co. 
Western Electric Co. 


WELDING CARBONS © 
National Carbon-Co.  - - 


WIRE, BARE ~ 
Standard Underground Cable Co. . 
Western Electric Co. ; 


WIRE, COPPER CLAD STEEL 
Standard Underground Cable Co. 


WIRE, INSULATED Pe 
Central Electric Co. 
General Electric Co. 
Hazard Mfg. Co. 
Kerite Taawlaten! Wire & Cable Co. é 
Okonite Co. - 4 
Standard Underground Cable Co. 
Western Electric Co. 


WIRE, TELEPHONE AND TELE- 
GRAPH i 


Hazard Mfg. Co. 

Kerite Insulated Wire & Cable Co. 
Standard Underground Cable Co. 
Western Electric Co. 


WIRE, TROLLEY» 
Standard Underground Cable Co. 
Bridgeport Brass Co, 
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Westin¢house-Cutter Reflectors 


Good Light Means Prompt Repairs 
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A well lighted railroad shop will make the dark hours as bright as 
handle rush, overtime repairs sunlight. = 
quicker and better than a shop Machine Shop records show that 
with poor light. Bright  sur- 


good lighting increases produc- 
tion from 10 to 15%, the in- 
creased production of better qual- 
ity making good light actually 
cost less than poor light. 


roundings enable the mechanic to 
see clearly, and impel him to 
work more briskly. Good light- 
ing does not consist in lighting a 
shop in ARE but in illuminating Let our illuminating engineers make 
the whole interior. 


a survey of your shop, without 
Westinghouse-Cutter Reflectors with obligation or cost, and show you 


Westinghouse Mazda Lamps dif- what better lighting will save and 
fuse the light uniformly, and produce. 


Westinghouse Electric & Manufacturing Company 


George Cutter Works. a South Bend, Indiana 


Westinghouse 
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Drive this USL Welder 
at No Extra Cost 


December, 1921 


In most shops there is enough reserve power to drive 
a USL welder from the line shafting. Only 6 horse 
power is required to deliver the full load current of 
200 amperes. 


If a shop is to be provided with only one welder, a 
portable USL outfit is in general the best proposition. 
If a second welder is added to the equipment it often 
pays to use a belted or other type of stationary welder 
to which the work may be brought. This latter type 
offers many advantages, especially as to first cost. 


Any USL welder means economy in operation. This 
economy results from the high efficiency, ideal current 
and voltage characteristics which make it easy for 
the operator to strike, manipulate and maintain the 
arc under all sorts of working conditions. 


The belt driven USL welder is identical in every 
respect with the electric and gasoline motor driven 
portable types in more general use. Mechanically it is 
designed and built to endure. It has ball bearings; 
its whole magnetic structure is laminated. The ma- 
chine is sturdy and experience has shown that it will 
stand up under continuous duty at full load. 


Practical demonstrations of the USL welder may 
be arranged for and our corps of experienced engineers 
is at your service to assist in solving welding problems. 


Employees of those purchasing USL arc welders 
will be given a complete course in welding. 


If interested write today and arrange for an inter- 
view with a USL representative. 
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Belt-Driven Stationary Type 
USL Arc Welder 


Specifications 


Current range, 50-200 amperes. 

Constant energy at arc. 48 

Adjustment in 3 to 5 ampere steps. 

Inherent regulation. 

No automatic or other regulators. 

Polarity reversing switch. 

Ball bearings. 

Speed, 1,400-1,800 R. P. M. 

Weight, 650 pounds. 

Price, including generator, reactor, 
pulley, panel and sliding base, $570. 

Canadian price on application. 


U.S. Light & Heat Corporation 


NIAGARA FALLS, N. Y. 


U. S. Light & Heat, Ltd., Niagara 
Falls, Ontario 


Manufacturers of 
USL Arc Welders 
USL Storage Batieries 
USL Car Lighting Devices 
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